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1.0 INTRODUCTION:

A management systems study for future spacesuit
programs was conducted by ILC Dover, a divicicn cf ILC
Industries, Inc., during the calendar period of December 17, 1973,
through April 30, 1974, in response to SA 606S (Schedule IV)
contract NAS 9-6100, issued by NASA Johnson Spacecraft
Center (JSC). This study include¢ the investigation of
past suit progfam requirements and management systems in
addition to new and modified systems in order to identify o
-the most cost effective methoés for use during future , ' ; :

spacesuit programs. This report highlights the effort and
- Its findings.

pw ot atw

Past space suit programs have required the contractor
to comply with the overall NASA program requirements of
NPC 200-2, NPC 250-1, and NPC 500-1. These requirements
encompassed developnent and producticn of all hardware
ranging from crew protective gear to total launch vehicles,
yet each class of hardware was unique in design, development, :
testing, manufacturing and inspection criteria. The complexity .
of these requirements necessitated significant contractor
staffs for program compliance. Inevitably, extraneous and SR
redundant areas of documentation, data and program management
control were generated. The identification of a set of tos
requirements specifically tailored to the space suit is ; 3
considered essential to achieve significant cost reductions. :
‘ It is recognized, however, that the establishment of :
a complete set of specialized program requirements and ”
associated systems for future spacesuit programs would be
expensive. As a result, this study has investigated alternate
approaches in order to determine the least costly method

of control, both from an implementation and operational
standpoint.
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Past spacesuit programs have been extremely dynamic ¥
with the emphasis concentrated on mission assurance. Systems ' :
were increasingly more complex and expensive to develop
and maintain with the advent of each new program. Future i
programs will require fewer controls and redundant checks
and balances. To fully realize the inherent reduction of
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overall program costs, without compromising end item integrity,

the management systems for these future programs must be

structured aécordingly. This'report investigated several
major management systems used during the past Apollo, Skylab,
and ASTP spacesuit programs. Topics to be discussed within
this report include: .

a.

Significant Conclusions - Section II: This
section summarizes the important conclusions

and recommeidations resulting from the study. A
detailed explanation of these conclusions is
contained in the applicable portion of Sectionsg
III through VI. -
Program Management Engineering and Quality -
Sections I1I through V: This section discusses
the various difficulties experienced with the
systems and procedures that controlled the
inter-relation of these groups. Recommendations
or guidelines for future spacesuit programs are
also included.

Organization and Cost Summary - Section VI: This
section discusses the recommendations for a
future space suit program organization and
forecasts the cost savings.
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1.2 OBJECTIVE:

Requirements and management systems used during the

Apollo, Skylab, and ASTP spacesuit programs were analyzed.

Requirements with the greatest cost savingé potentizl as
well as new systems and modifications of existing systems
were evalvated. Trade-off's of these requirements and
management systems were performed to determine the most
cost effective methods for the management of future

space suit programs.
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1.3 STUDY GROUNDRULES:

The following items include the basic ground rules

used to establish the guidelines ox recommenaatloqs discussed
in Sections II and III through VI:

a.

b.

e.

f.-

The ILC Management Sys;ems in effect during the
A7LB Program were used as study baseline.

Cost Savings are identified in terms of reduced
man months (by skills) to perform similar efforts
on future programs.,

Recommendations are presented as guidelines for
future proérams. _

Proposed guidelines are based cn state-of-the-art
advancements in suit designs expected to be

used on future programs.

The delivery rate is assumed to be one (1) space
suit every 20 working days.

on future programs, only one (1) cycle Qual is

assumed to be performed using the worst case
projected mission(s) through the life of the CEI.
The requirements of NHB 5300.4 will be applicable
to future program quality systems.

Minimal change activity and minimal depot flight
support will be required for future suit programs.
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1.4 STUDY APPROACH:
At the conclusion of the Apollo, Skylab ad ASTP
Suit Contract, NAS 9-6100, key personnel from each of tha

major functional groups were formed as a study team. The

team consisted of representatives from Program Management,
Engineering, CMO, Quality and the Business Management
groups. Each of the participants was thoroughly familiar
with the history and scope of systems utilized by his
respective groups. A list of specific study tasks centered
around known problem areas were identifiéd as the starting
base., Items within this list were assigned priorities in

accordance with thei:r potentjal dollar savings. Second level

~priorities were established to insure that at least two

areas within each desciplinc were selected for the final
list. The list was reduced to 13 specific tasks divided
among the five function:l areas as follows:
Program Management f{includes CMO, Business Management
and Program Contxrol).
Manufacturing Documentation and Control Systems
Improved Configuration Management/Control Methods
Government/Contractor Management Reports
Program Phasing Philosophy
Astronaut Field Option Item Control
Business Management System -
Engineering -
Interface Control Documentation
Contract End ltem Specifications
Field Operational Documentation
Quality |
Traceability
Inspection and In-Process Verification
Organization
The initial effort of each task consisted of defining
the baseline system (Apollo/Skylab A7LB McAel Suit) and
identifying any cost related problems associated with the
baseline system. Flowcharts, standard operating procedures,
organization charts, and other pertinent documentation were
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used to support this phase. Each individual problem was

s i 3

then analyzed to identify alternate means of optimization.
Advartages and disadvantages of each were identified, surveys
were made to measure efféctivenéss of each alternate, and
team meetings were used to resolve final selections.
Guidelines for future programs were presented for each
identified problem area. When implementation of ,
proposed guidelines were in violation of known NASA program
requirements, these were identified and proposed requirement:
deviations were presented. In several céses, the study
revealed that some ILC paseliné systems 4id not completely
éomply with NASA program requirer nts. These were also
identified and where their retention was proposed, supporting
evidence of their advantages were given.

Cost effectiveness was measured in each functional
group by comparing a baseline créanization (A7LB) to a

proposed future organization having .-implemented the suggested
guidelines. The individual proposed functional organizations

were then combined into a total program organization.
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2,0 SIGNIFICANT CONCLUSICNS:

Nipe (S} major conclusions or guidelines resulted at
the complection of this study. Additional cuidelires are
also discussed within each of the subsequent sections of this
report. These guidelines, if used on future spacesuit
programs will result in a major progrum cost savings.
The major guidelines resulting from this study include:
a. Place emphasis on the gualification of subassemblies
rather than the entire spacesuit assembly.
b. FACI the first production item rather than tlre
quali<icaticn item.
¢c. Qualify to the CEI worst case mission requirements
the first time.
d. Reduce the drawing requirements by using
manufacturing instructions for configuration
control.
e. Increase component and subassembly acceptance
testing to reduce 100% in-process inspection.
£. Allocate sufficient time early in program to
develop efficient systems and procedures.
g. Perform astronaut fit checks at user's suite.
h. Streamline the data reporting requirements and
centralize the data collection syst:m.
i. Consolidate program management control functions.
Potential cost savings in each study area were reflected
in terms of reduced manpower required to operate tht. respective
areas with the new guidelines implemented. These individual
groups were then combined into a total program organization.
A measure of total potential savings was obtaiicd by comparing
this new organization with the one in effect at ILC during
the A7LB program. This total potentiali saving amounted to
1565 man months.

In retrospect, this study stresses the importance
of allotting sufficient time early in a program to develop
and verify efficient and compatiﬁi@vmanagement systems.
Many cost saving inrovations to ILC systems wexe developed
and implemented during the Apollo/Skylab programs. The
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fact that the contract ended in &n anderrun” conditicn
bears tribute to NASA and II.C cost saving efforts. However,
during the program, both NASA an¢ ILC tecame aware of areas
that had a potential for beiné made more cost effective.
Several of the conditions discussed in this report are in
this category. In the early phases of the program, the
limited numnber of persounael that were technically qualified
to analyze and modify the systems were deeply involved in
technlcal:and production activities. 1In the later phaseé

. ¢f the program, when qualified manpower was avallable, a

committment to modlfy existing managemeat “systems would have
‘resulted in a more costly program impact than to continue with
the proven operatlonal systems. On future programs, new
management systems must be analyzed for cost effectiyeness
early in the program and existing,‘proven sysfems must be

utilized where possible. , -
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3.1 MANUFACTURING/PROGRAM DOCUMENTATION CONTROL
OBJECT1VE:

To evaluate the possibility of reducing program costs
by elimination of unnecessery drawings and redundant
documentation related to the fabrication and control of
Contract End Items (CEI).

APPROACH :

Identiff all drawings and documentation utilized in
fabricating the A7LB Spacesuit Assembly. Evaluate the
redundancies within the existing documentation and investigate
data. Develop a sample system which could be implemented on
future space suit programs and estimate the cost savings
which could be realized.
PROBLEM: .

Contract NAS 9-6100 required generation of drawings
per specification MIL-D-1000, Type E, Form B, which in many
cases was superfluous to the table -0of operations (TO's).
BACKGROUND ; cee '

Federal Sepcification MIL-D-1000, Type E, Form 3,
states, "Engineering drawings in this category shall provide

the necessary design, engineering, manufacturing and quality
support information directly or by reference to enable the
procurement, without additional design activity of an item
that duplicates the physical and performan&e characteristics
of the original desiagn." As a result of this requirement,
drawings of all assemblies, sub-assemblies and component
parts of the CEI were prepared. This stipulation caused the
generation and svbsequent updating of 5,250 drawings. 185
drawings were actually required to fabricate an A7LB space
suit assenbly. ' The remaining drawings were utilized only
as a configuration control vehicle (See Appendix "A") and
were prepared to meet the requif@ments of MIL-D-1000.

It was determined very early in the program that
manufacturing personnel could not reliably use softgoods
drawings to manufacture softgoods items. Drawings which

contained all the detail needed for engineering definition were
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so complex and unwieldly that operational personnel could

not understand or use them. To resolve this problem, a

Table of Operations (TO's) was prepared for each major sub-
assembly and assembly. The TO contained all the instructions
necessary for the fabrication, inspection and traceability
requirements of the CEI. The TO consisted of manufacturing
instructions and Fabrication Inspection Route Sheets (FIRS).
‘The Manufacturing instructiohs_remained in the Production
area and did not reference any information such as part
numbers, sizing information,.inspection requirements, etc.
The FIRS package, which consisted of approximately 800 pages,
was the portion of the TO which contained this information.

- Early in the program t'a TO's and drawings were

released for the first CEI (FACI baseline). A dynamic
program was encountered as far as configuration changes were
concerned, and a dual change conirol procedure was required -
one for the T0's and one for the drawings (see Figure 3.1.1).
Any Class I and II changes to one system caused a change in
the other. Since different documentation procedures were
used by each system, two sets of paper had to be prepared

for new designs or changes to existing designs. TLe TO system
was developed through several iterations. These improvements
to the system gradually caused the drawings to become
increasingly‘fedundant to the TO system. However, the total
system draﬁings and TO's were in existence and being utilized
not only at field sites but by other contractors. This
situation was allowed to continue as a result of a cost
trade-off study which indicated it would be less costly to
maintain the inefficiencies rather than implementing a new
system.

Upon receipt of a Contract Change Authority (CCA), a
design resolution between NASA and the contractor was
achievec and a Change Action Request Notice (CARN) was
released to authorize revision of the TO's. TO's were
classified as Type III documentation and as such did not
require the customer's approval. ‘This system permitted the
Suit Contractor to make changes to the TO's without awaiting

-13-
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NASA formal epproval of the associated ECO/drawing. This
process allowed the contractor to procerd with incorporation
of the design change 6n items in production as soon as was
practical to preclude program declays and additional rework
or retrofit costs. Concurrent with this effort, a formal
Engincering Change Ord.r (ECO) was being generated to revise
the drawings. The formal ECO generally followed the CARN

by approximately threec weecks because of the documentation
and approval requirements of MIL-D-100C and NPC 500-1.
RECOMMENDED GUIDELINES FOR FUTURE PROGRAMS:

It is recommended that the requirements of MIL-D-1000,
Type E, Form 3 be revised in future Space Suit Contracts to
reference the Table of Operations (TO's) on the major suit
‘assembly drawings and delete the requirement for soft goods
sub-assembly drawings. This will eliminate the need to
prepare drawings which cannot be used to manufacture and
assemble the suit soft goods equipment (patterns and TO's
used) and are only needed to satisfy the requirements of
MIL-D-1000. This approach will require that the Suit Contractor's
Table of Operations (TO's) be used as Type I documentation
requiring government approval of revisions and changes.
Additicnal recommendations are discussed in Section 3.2 of
this report. 7

The drawing-list for the A7LB Space Suit (Appendix "a")
indicates which drawings by size could be deleted. The
savings for the preparation of these drawings would be
as follows:

‘Hours

Drafting 21,274

Mission Support 7,090
TOTAL 28,364 Man Hours

This total savings does not reflect the man hours
spent in the updating of the unnecessary drawings.

During the period of September 1969 to September 1970,
210 ECO's were processed to revise 525 drawings. Assuming

50% of these changes affected drawings which could be

deleted, a savings of 4,192 man hours could result.

“14-
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PROBLEM:

Various documentation was generated to verify the
configuration of the Contract End Item and to control
subsequent engineering chang€s., This was performed by
several different individuals and was not reviewed for possible
consolidation of duplicated data.

BACKGROUND :

During the early stages of the Apollo Program, formats
for various documentation were generated with the emphasis
. Placed on controlling the configuration and traceability for
‘the manufacture of the FACI baseline space suit assembly.
As the program became operational, additional requirements
were encountered; such as: retrofit status reports,
dash number progression charts, retrofit kit deliveries, etc.
New documents were generated and perpetuated By various
departments without consideriﬁg ﬁtiiiziﬁg or modifying existing
reports which were being generated by other departments.
Once this situation developed, it continued through the
Apollo Program. At the end of the Apollo/Skylab. Program,

prepared.

In addition, this system also rggq;;eq.iqi;iation
of shop orders and compiling of traceability and inspection
records on various form:ts. For each CEI, this meant the
processing, duplication and accumulation of thousands of
additional sheets of paper. Even with this mass of
documentation, the system did not, other than at original
~release, verify that the operanr was using the latest
revision of the TO's. As a result, equipment could have
been manufactured and assembled from obsolete manufacturing
iﬂstructions and the error gone undetected until the
completion of equipment inspection per the FIRS.
RECOMMENDED GUIDELINE FOR FUTURE PROGRAMS:

Determine as early in the program as is practical
which informatior will be required when the program becomes
operational. This information should be funneled to a group
which has been delegated authqrity for all the data
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- collection and dissemination. A system could then be
[ designed taking alil control information into consideration.
In adéition, all requirements. for additional information
{~ should be requested through this group to insure optimization
B " of data dissemination. Additional recommendations are
| discussed in Section 3.2 of this report.
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3.2 IMPROVED CONFIGURATION MANAGEMENT/CONTROL SYSTEMS
OBJECTIVE:

Propose an Authorized Configuration and Traceability
System which would consolidatie manufacturing, Product
Assurance, Program Control and CMO data.

APPROACH :

A review of the data requirements of each of the
departments was performed. A goal was established to
consolidate the following data on a minimum number of
formats:

As-designed vs. As-built Authorized Configuration

Classification

Size

Qualification Status

Interchangéability

Bills of Materials

Softgoods Sub-Assembly Drawings

Modification Kit Status

Traceability

Delivery Schedule
INTRODUCTION :

At the outset of the Apollo program, the configuration
controls established were based on a total Pressure Garment
Assembly concept, that is an ITLSA, EV Glcves, IV Gloves,
Suit Instrumentatior, Lunar Boots, and Helmet together
formed a space suit assembly. The decision to make the
transition to separable component configuration control at
the beginning of A7LB 300 series did simplify existing
methods. This change caused the removal of certain components
from the top assembly (PGA) drawing and components list.

. Separable components were defined as those items
which collectively comprise a PGA: however, they could be
functionally tested and shipped as a separate unit. Although
the separable component control created more paperwork, its

-effectiveness was proven at time of shipment and it caused

removal of some details from the top assembly drawing making
it easier to use, Each of the components were individually
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controlled by part number and corresponding asscmbly drawing.
The 1TLSA top assembly drawing for example did not reflect
serial numbered effectivities; therefore, a componcents

list - a parts list of critical parts and assewblics,

depicting authorized and as-built conditions was initiated

to compliment the drawing and Table of Operations (70's)

system.  The components list defined the dash number which
applied to a givén scrial numbered suit for each of the ITLSA's.
Other separablec component configurations (i.e., helmet,

gloves, etc.) were controlled by an Authorized Change List (ACL)
and/or "N250 identification of the drawing. The ACL identified
the components authorized part number and "as bgilt" N

condition aleng with a description of each applicable Engineering

- Change Order. This required ILC configuration management,

Qhality Assurance, and NASA verification inspection at the
time of initial shipment. In other words, the space suit
contractor had a mixture of several different types of
authoritative configuration and engineering data controlling
the configurations of various components of which each had
its own unique rules. Also to further define the configuration
complexity of the A7LB suit program, there were two distinct
categories of ITLSA's; the A7LB 300 and A7LB 600 series
applicable to the Apollo and Skylab programs respectively.
Both series of suit configurations were based on the same
common top assembly drawing. Throughout this A7LB suit
period. twenty-three (23) unique configurations ranging from
dash Oi through dash 23 cvolved from approximately seventy-six
(76) Class 1 engincering changes. In each case, the same
top assembly drawing was affected by either creating a now
dash number of modifying existing ones. The total number
of Integrated Torso Limb Suit Assemblies (ITLSA's) controlled
by this drawing during the Apollo/Skylab programs was
sixty-seven (67). o

This problem is further demonstrated by the earlier
Apollo A7L PCA phase whore one hundred and fifteen (115)
different configurations were created on the same drawing.
This resulted in more variation of space suit configurations
than the total number of PGA's (96) actually manufactured.
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The statistics referenced in this portion of the study
reflect the large voliume and pyramid effects upon an
assembly drawing resulting from multiple enginecering changes.
The many variations of different configuratons on one drawing
not only made it difficult for the dfawing user to interpret,
but alsc became a time-consuming task when one had to
differentiate one configuration from another. A typical
‘»tdp assembly drawing for the ITLSA consisted of four (4)
*J" sized dréwings supplemented with a list of materials
deécribing one hundred and twenty-two (122) items. This same
drawing was revised approximately fifty-two times which
included at least one complete redraw. Numerous status
listings and matrices also evolved with each ehgineering
drawing change. (Reference Government-Contractor Management
Reports Section). These same listings in most cases
attempted to serve as drawing abétracts. The end results
-were always the same with each change . . . a mountain of
paper and complicated engineering drawings. Throughout
the program the contractor was constantly trying to create
one piece of paper that provided a complete description of
each separable component configuration. .

This was proven to be an impossible task after the
generation of more than 50 different €MO reports, matrices,
aﬁd status listing.

Manufacturing and Product Assurance originated
additional documentation for traceability and accountability
requirements.

PROBLEM:

Configuration changes occurring at component or lower
}evels created time counsuming paper searches when the
identification of configuration differences was required.
BACKGROUND APOLLO/SKYLAB SUIT PROGRAMS:

" During the Apollo/Skylab suit program, a form of
block configuration control existed but only to the extent
vhere charges were made to "like" items without affecting
its topastembly or (part numker) identity. An example of
this included (9) ITLSA's (serial numbers 001 - 009) which
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were configured to an A7LB-100000-01. A Class I Enginecring
Change Order prescribes a change for all nine suits and the
change occurs at a lower level (other than top assembly).

The top assembly remains an A7LB-100000-01; however, the
changes (or dash 01 modifications) of this sort at any

lover level of the top assembly drawing. At time of compenont
shipment (ITLSA for example), if there were five modifications
to the dash 0l and only four were incorporated, all
configuration data and traceability records would indicate

a dash 01 when thcoreticalily it was not. The components

list was the only document which indicated the (xact

as—-authorized versus as-built condition of the suit. Furthermore,

this list only concerned itself with Class I changes. There
were cases of significant Class II engineering changes

which were of a Class I nature and should have been reflected
at a major drawing level by a part number change but was not.
This is not considered good configuration management practice
because it created problems of tracking these items, since

a Class II change was not required to be recorded on any
configuration and/or Quality Assurance data records and yet
some Class II ECO's were required to be shown on various
reports. Using the nine ITLSA's as an example, if a Class

I change was implemented affecting only a portion of the

nine suits, then a new dash number was created (~02)

for the affected suits. Two unique configurations would

now exist, a dash 01 and dash 02 with the possibility of

many inherent lower level changes. Multiply this condition
by 23 with 76 Class I ECO's and several significant Class

II ECO's and it becomes a difficult task to properly

identify configuration differences between any combination
of dash numbers.
PROBLEM:

No defined policy existed for using acceptable al-

ternate (interchangeable) parts without causing a configuration
change.
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BACKGROUND APOLLO/SKYLAB SUIT PROGRAM:
The definition of interchangeability for the Apollo

and Skylab program as stated in the A7LB Pressure Garment
Assembly CEI spccification p}escribed changcout only for
those components with the same part number. FEach component
had to be designed to be replaceable with all other
components having the same part number. Each potentially
interchangeable part which was a subassembly to a complete
component, required a configuration change (or top
. assembly part number re-~identification) prior to implemeatation.

This would involve an ECO to changc the affected drawings
and configuration data. One of the major difficulties
that occurred was the fact that flight qualified hardware
remained in a spares category and was not used due to the
costly configuration changes that would occur if that hardware
was to be used in a suit. As an austerity program was
implemented and funding for new hardware (with latest design
improvements)>was not available, deviations to prescribed
practices were accepted. This philosophy was used on the
Apollo/Soyuz Test Project where the A7L arm bearing was
classified as an acceptable alternate part for the optimum
A7LB arm bearing without any configuration impact.
GUIDELINES FOR TFUTURE PROGRAMS: '

Consolidate the iuformation contained on various

documentation thus reducihg the manpower required and
associated costs and still provide sufficient controls and
visibility.
As early as possible, a drawing family tree should
“'be generated. The contractor would review and determine
which subassembly drawings would be redundant to information
in the Talle of Operations. The results of this review
should be similar to that shown on Appendix "A" of this
report. The remaining items which required drawings would
be identified by the appropriate model prefix, i.e., A6L,
A7LB, etc. Those items not requiring drawings would be
identified by the contractor's numbering system.
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A follower tag would be generated. The purpose of this
document is two-fold:
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1. Replace drawings, shop orders, traceability and
r- inspection records and bills of materials.
} . . . . . .
i. 2. Provide one vehicle to indicate the time reguired

A
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—
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to fabricate the subassenbly, which revision of
TO fexr the operation to use, the components
required for fabrication and an organized

manufacturing flow.

A sample of a format is'illustrated in Figure 3.2.1.

An explanation of the form is as follows:

A.

B.

"o Ha

Sl ez R, e

The part number and serial number of this item to
be fabricated.

The authority; nomenclature, charge number,
spares order, production order gé—ahead, etc.
Description -~ each detail required to complete
the assembly would be noted, i.e., join arms

to torso, cure, install boots, install wrist
dizconnect, inspect, etc.

Operation Number: an operation number would be
assigned to each detail, for example 005 - join
arms to torso, 010 cure, etc. and would identify
the appropriate manufacturing or inspection
instruction to use for the particular operation.
Accept/Reject/Rework Authority: if the operation
is a manufacturing function - the individual
completing the detail would initial. 1In the case
of inspection, the inspector would stamp the

accept column or note the dispositioning authority,

DR, MRB, etc.

govermment quality representative would verify
inspection. ‘

Hours: scheduled lapse time in hours to complnte
the task would be noted.

Bill of Materials: all assemblies, uubassemblies,
piece parts and raw materials required to complete
the item being fabricated would be listed.
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I. The part number and nomenclature.
J. Quantity per unit, quantity per lot -~ the numwber
and amount of each line item required.

K. Lot and Serial Number: the material traceability

either by serial nunber or lot number would be
verified and noted.

L. Operation numbers - the operation number or r' mbers

where the line item is utilized would be listed.
The "Follower Tag: could be a Type III document to
maintain a fast release system should the program dynamics
dictate it. However, this should be the exception. All
documentation should be changed by the Procedures of the

Engineering Change Order and the class estabiished accordingly.

A control and verification document would also be
required. A sample could be an "Authorized C..figuration
and Delivery Schedule" (ACDS). The purpose of this form
would be two-fold:

1. The replacement of the followihg documentation:

Components List

Authorized Change List

Supplemental Charnge List

.Component List Progression Chart
Cdnfiguration Identification index
Configuration Status Listing

Open Engineering and Retrofit Report

2. Provide a configuration mechanism and qualification

status for NASA as well as an active document
for all contractor departments.
The ACDS would be initiated at the deliverable CEI
level, or could be initiated at an intermediate level as a

- result of a NASA review of the drawing family tree. All

ACDS' would be identified by the model prefixed and would

require follcwer tags and drawings. However, the details
on drawings should be kept to a minimum to avoid duplication

of information with the TO's. 1Ideally, they could be
outline drawings since the configuration of the components
coimprising the assembly wou.d be controlled by the ACDS.
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A CCA is received for an arm assembly.
have been delivered and a Class I change to the lower arm
y is received to add a pressure relief valve.
{' revises the part number of the lower arm a;sembly from a
3 =01 to ~02 with an effectivity of S/N 001, 005, 009 by
retrofit and S/N 010 and subsequent "in-line" incorporation.
Qualification status is not effected and production order
go-aheadAhas been received for 21 arm assemblies.
. contractor changes the lower arm assembly part number

‘ (see Figure 3.2.4).
: l' 005 and 009 and the delivery date for the modification is
This informs the rcader that these CEIl's are authorized
as a -02 configuration, that the present confiyuration is

listed.
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A sample of this format is illustrated in Figure 3.2.2;
An explanation of the form is as follows:

Drawing number and namie.

“Costom - identification of the astronaut if the

article is custom sized.

Class - indication of classificaticn I, II or III.
Size - in the case of sized parts, i.e., boots,
arms, the appropriate size would be noted. .

List of Materials -. the assemblies, subassemblies
and piece pi.~ts required to assembly the article

.would be 1dent1f1ed by . part number:
- As—authori zed/as-bullt incorporated - thls would

show. the latest authorized and the present confiquration.
Legend - the six categories represent the various
situations any given change could_be relative to

a CEI. )

Delivery Schedule - the scheduled ship date for

each CEI or modification kit would be 1nd1cated..

ACDS would be released upon recelpt.of a proauctlon -

order go-ahead for only those CEI's authorized.
information requirea would be compiled from the follcwer
- tags and the-planﬁing and scheduling section.

how the system would operate, a change cycle will be
simulated.

'"he
To indicate

(See Figure 3.2.3.) -

Nine units

This chénge

The

The notation AROl is placed under SNOO1,

+01 and the proper delivery date for the modification kit.
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When the modification g;glgs incorporated (see figure 3.2.5)
the Symbol A replaces ADOY and the as-built configuration is
changed to -02. NAOl is noted under S/N's 002, 003, 004 and
006 through 008 indicating the present configuration and

if future program requirements dictate that this change is
necessary for ény of the CEI's the change may be incorporated
without qualification testing. The Symbol A remains

under S/il's 010 through 021, ,

Concurrent with the above, the manufacturing and/or
inspection instructions wculd be modified as necessary and
the "follower tag" for the production CEI's would be revised
(see FigureJ3.2.5) and an explanation is as follcws:

7 Assuming this change affected operation numbers 010
and 015. This would be shown by changing the numbers from
0l10a and‘OlSA to 0l0B and 01$B.TLThe revision block would
be changed to show the new part number of the piece affected,
in this case 104002-01 changes to 104002-02 and the pressure

~ relief valve would be added. The only drawing which would

be changed is the arm assembly and this revision-may only
change the part number and revision block and illustrate
the addition of the pressure relief valve.
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3.3 GOVERNMENT - CONTRACTOR MANAGEMENT REPORTS

OBJECTIVE:

-

To consolidate as many Government - Contractor

Reports as possible under one control in order to eliminate

repetitious activities and data files.
APPROACIH :

/
Mathods of controlling the gquantity of Government -

Contractor management documentation used to support the
Apollo, Skylab and ASTP programs were examined in addi-
tion to new concepts of control. These concepts were
evaluated for necessity and cost effectiveness.

Cost cavings data was developed by comparing Apollo,
Skylab and ASTP programs to the recommended new data
centralization techniques. .

GROUNDRULES USED FOR STUDY:

1. The space suit program for the period of 1970 through
1973 was used as the study baseline. '
INTRODUCTION::

Large quantities of configuration management documen-
tation were prepared during the Apollo, Skyiab and ASTP
programs. As a result, the duplication of files within
the suit program office organizational structure and the
preparation of similar reports and documentation by
different functional groups occurred. These problems
have been examined in this report with recommendations
for future suit programs which will result in a cost
reduction.

PROBLEM:

Duplication of files within the Program Office structure.

BACKGROUND :

During the Apollo ard Skylab suit programs, several
groups within the program office organizational structure
prepared, approved and fun-tioned in accordance with
similar, and in some cases, the same documentation.
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As a result, each group created and maintained their
own set of files to perform their duties.

This group organizational structure produced similar
and sepavate files in each of the blocks identified. This
section of the systems study, however, only deals with
configuration management customer/contractor rcports.

It is estimated that there were at least eleven (11)
files at the suit contractor's facility containing
similarly related data. For each of the separate working
data files, additional clerical functions evolved, thereby
requiring a large work force to maintain all the data.

Some of the typical management reports, matricies,
status listings, etc., investigated included those items
listed in Figures 3.3.2.

Many factors contributed towards the generation of
separate files at the suit contractor's facility. The
reorganization and relocation of various interdepartmental
groups throughout the program is considered the prime cause
of the generation of separate files. When some of the
larger departments within the Apcllo/Skylab program structue
were divided into smaller groups, the supervision of these
new areas adopted their own file keeping. Often the
reorganizaticn involved the physical re-location of a
department or portion of that deparﬁment to another area of
the plant. When this occurred, the existing files remained
with the department head and the relocated activity would
generate their own reference file.

One cxample of file duplication was the records kept
for the two governmental agencies located at the contractor's
facility; the DCASR and the NASA resident engineer's file.
At one tihe, both agencies shared the same data file;
however, when the DCASR personncl were relocated to another

part of the contractor's facility, a new file was established.

Another factor which contributed to the duplication
of files was the random distribution techniques used for
all report disscmination. This method recsulted in the

originator of various data to establish his own distribution
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requirements, Typical random distribution techniques were
used with Engincering Memorandums (EM's) and Project
Directives (PD's). EM's were the documentation by which
technical and contractural data was convéyed to the custoner.
Since EM's were generated by different management and
enginecring personnel, each originator established his own
internal distribution. PD's served as program mangement
directives to various departments. They contained pertinent
suit program instructions not governed by normal change
control board directives (CCBD's). The average distribution
for a PD during the peak of the Apollo and Skylab programs
was approximately thirty (30) in-house copies. In some
instances, several people from the same department received
copies. This was partially due to the constant change-over
of personnel resulting in new oncoming personnel needs.
This desire for copies of séparate files is prevalent in any
industry & ‘

During the latter part of the A7LB suit program, a
review of all data and their respective distributions
was conducted in an effort to reduce reproduction costs,

As a result, a router system was empioyed. Data distribution
listings were reduced by sending copies of data reports

to only the head of each department. This effort did ease
reproduction costs somewhat; however, it did not stop
additional copying of the routed copies.

GUIDELINES FOR FUTURE SUIT PROGRAMS:

Proliferation of files and data distribution list
occurred during the Apollo and Skylab programs. As a
result it is recommended that data centralization and
electronic data processing (EDP) be used to enhance data
control and will result in a considerable cost savings.

A detailed discussion of the recommended electronic. data
processing (EDP) will be presented in this guideline.
PROBLEM:

_ Similar reports were prepared by the government and the
suit contractor and even by different inter-departmental

groups.
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BACKGROUND ;-

A problem inherent to the aeroswace industry is the
duplication of efforts of data management rcport gencration
and dissemination by the customer and contractor. Two
key factors were the cause of this problem;

1. Uncontrolled paper

2. No central data source

Uncontrolied paper is data which has no formal

review and/or concurrence prior to being disseminated.

Therefore, the data itself is questionable as to its validity.

These uncontrolled data usually fostered explanatory or
corrective documents after distribution.

The lack of a central data source caused many duplicated

reports. Examples include the customer's QA & R personnel
favoring the contractor reports and customer CMO personnel
favoring tlieir counterparts data. This was a normal
occurrence since customer and contractor counterparts
understood each other's operations and had difficulty
understanding the existence of other operations.
Some examples of similar report generation which
existed (shown in combination due to commonality) include:
1. Component Historical Report, Components List,
and QA & R Component Serialization Log.
2. Program Action Check List and contents, ARD-001,
Mission Profile Matrix, Configuration Status
Listing, Waiver Status, Open Engineering and
Incorporation Schedule, Flight Readiness Review
Package, and Retrofit Status Report.
3. The ARD-004, Engineering Change Log, Drawing
Index Card File, and Drawing Status Listing.
These few examples illustrate cases of multiple
related reports that evolved over a period of several years.
A central data control properiy administered could combine
the similar data and meet the same data management

requirements of the contract by providing fewer consolidated
reports.
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r- GUIDELINES FOR FUTURE SUJT PROGRAMS:

| of similar data and reports by different contractor and customer

groups.

It is recommended that a data centralization system

be used to reduce and as a goal eliminate the preparation

{ The objectives of a central data source would be as

} follows:
- A.
!

To monitor and control all data distribution
relative to contract needs. This means that once
the data requirements and distributions arxe
established, the data control group would control
the number of copies reproduced ard distributed.
Also any requests for additional copies would
first have to be approved by the central data
office.

To organize the central data source in order to
encompass CMO, engineering liaison and administrative
service functions. Since the CMO department was
essentially the central source of data for the A7LB
program, the transition efforts toward complete
data control by CMO would be minimal.

To monitor and effect material cost savings in
the area of data reproduction. Elimination of
"open door" reproduction policies %nd instituting
daily surveillance of Xerox copy counts should
discourage in many cases, separate file kecping.
To designate one area as the central point for
all current data. Since the central data source
either administers and/or generaces all data,

the status of any data requested from this source
will be current.

g SUPPLEMENTAL RFECOMMENDATICNS -~ ELECTRONIC DATA PROCESSING:

- Manual documentation control was used to receive

material, manufacture, ship and trace each Contract End Item

“

| tj.““ during the Apollo, Skylab and ASTP programs. Due to the

’ h'(MJ quantity of documentation previously discusscd, large data
[; files and continuous updating and referral back to these

files became a major activity. As a result, the methods .of.
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Electrcnic Data Processing (EDP) was investigated during
this study. An EDP Sy.stem is recommended from the tim= of
raw material receipt through the fabrication phases, final
shipment, and subsequent QA and R and CMO monitoiing.

The ccmmon data base approach for EDP is recommended.
A common data basc approach is a computer ~rientved central
information system which intcgrates structured data files
for use by all operating areas of the contractor. It makcs
available a set of non-duplicated files which are useablec

. in a timely snd accurate manner for both operational and

-

planning purposes.

A chaining tcechnique, which is a data processing
technique of typing together files of inter-vclated data,
is used tc retrieve information by direct access mecthods,
rather than by traditional éequential methods as was used
on the programs gencrated for the components list, CCA

matrix, ARD-00l, ARD-004 and COMPHIST data management reports.

The use of this structured information system satisfies
the need for information to be current, easily maintainable
yet flexible enough to meet the needs of mulu’ple users.
Information needed to update the system requires capturing
only once, at its scurce and does not requ.:se re-entry for
various uses by other operating areas.

One example qf a common data base is the »s2 of the

" ECO system. Figure 3.3.3 illustrates how it was used to

support various data generated during the Apollo and Skylab
programs. As illustrated in this table, the ECO contained

data which was uced as the basis for numerous other documentation.

Through utilization of the recommended EDP methods, the
pertinent information on the ECO would be provided the
computerized system.

The proper data inputs of part number, serial number,
effectivity, authorizing CCA, and other pertinent data,
each cross-referenced to the other will enable easy
referral back through the data and provide quick information.
If doubt exists with the EDP informuation, it could then be
easily checked with the master record files since the runr-off
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could reference all documentation used to provide the final
output.
Additional information considered tc be desirable
for futurc suit programs and obtairable from this EDP
program are:
1. An Authorized Component Listing generated by
a structured component list expanded for each
CEI separable component in the assembly sequence.
2. The Fabrication List (trace data) is a stvuctured
list of components (as built) which compéres the -
authorized configuration to that which was built.
As configuration differences are recognized,
reference to existing CCA records will be noted.

3. Additional traceability is possible in the following

~ manner: .

a. The ACL Reportkban be provided by inquiring

" as to the status of each CCA with respect to
its generated ECO's and ECP's '

b. The common data base facilitates the use of
inquiring devices to display the reduction of
any assembly to its components or the expansion
of any cowmponent iisting to show the end item
structure used oi: effectivity.

Cc. Vendor traceability and rating techniques
could also be impleminted when pertinent vendor
master files are included into the common data
base. '

The use of a computer base information system will
provide a comprehensive vehicle for timely and accurate data
management reporting to serve the customer as well as the
contraccor's needs. .

The concept of EDP control for future suit application
is to first reduce the number of reports and matrices and
secondly to centralize the data source. The production of
accurate reports in a timely fashion, especially during
critical times (i.e. flight readiness reviews, actual
flight applications, and formal design reviews) will result

in a major cost savings. The goal will be to service material
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inventery control, configuration control and status listings,
production and delivery scheduling, traceability, cost
managem.nt, and retrofit fequiféments all irom one data
source. "

1n conclusion, this recommendation for EDP control and
processing is the result of an ihvestigation to determine
the system feasibility for Future space suit programs. An
acditional detailed study involving a systems team, consisting
'of.én analyst and a programmer (approximately nine months)
"is recommended to completely create and implement the control
of all necessary data. ‘ .
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i- Open Engineering . 23
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- Engineering Change Log ’ ) 23
{ Components List Progression Chart 15
f ¢ . Configuration Change Account Status ) 6
% . " Mission Profile Matrix 13
: [T Authorized Mission Configquration Matrix (AMCI) 21
; - Minutes & hgenda Change Control Board ’
%!A Directives (CCBD) 20
T CEI/Separable Component Flight Classification
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Lo °  Configuration Identification Index (CII) 9
E gi Configuration Status List (CSL) 9
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o Waiver Status 10
% E K wWaiver Status Log 10
% ‘- Waiver Status Notice 10
Ly Authorized Change List (ACL) 8
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{ Configuration Change Record (CCR) 10
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{ Preliminary ECP's (PECP) 11 o
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- Project directives 30 Min.
(Q Open Bnqineeriﬁg and Incorporation Schedule 14
L. . Equipment Allocation Matrix ; 12
. Flight Readiness Review Package . : 6
Yj Waiver Deviations ' 10
Field Operations Bulletins (FOB) 12
. FOB Status . 12
‘ Systems Safety Notice B ]
e Field Optional Item List (FOIL) 10 B
. ’ Supplementary FOIL 10
| 1~ FOI Historical Status ?
% “'( +  _Prawing Index Card File (CMO) As Raquired
) Drawing Status List & ERRC 6
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; ‘ ECO Review ' L
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COMHON DATA SOURCE

- ENGINEERJING CHANGE ORDER (ECO) -~

The ECO provided data for:

Component Historical Report
CCA Matrix '
Components List

ARD-001

ARD-004

Program Action Check List
Engineering Change Log

CL Progression Chart

AMCI .

CCBD .

CI1

Dash Number Progression
ACL/SACL

CCR

ECP

FOIL and S/FOIL

Drawing Index

Drawing Status List
Retrofit Status Report

Figure 3.3.3
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3.4 TITLE:

Progiam Phasing.Philosophy
OBJECTIVE:

To reduce overall program costs by minimizing the
program impact of engineering changes occurring duxing
Design Verification Testing and Qualification Testing.
BACKGROUND :

During the Apollo and Skylab phases of the Space

Suit program, schedules were very tight. The program would
not allov enough time for the completion of Qualification
Testirg prior to the start of manufacturing space suits.
Changing mi.ssion profiles were constantly demanding
additional requirements of the suit, which in conjunction
with the redesigns to meet the enlarged requirements, caused
the qualification testing phase to extend from four months
to 15 months on the A7LB space suit.

PROBLEM:

Design Verification Testing (DVT) was concurrent with
the fabrication of-the qualification space suit and
Qualification Testing was parallel to the fabrication of
production spacec suits.

The DVT and Qualification Programs were based on the
mission requirements of an entire space suit assembly rather
than by components.

BACKGROUND : ,
This situation caused significant program delays

especially in the initial phases of the DVT and Qualificaticn
Testing. If a failure occurred, the entire space suit was
"impounded" not only until a design resoluticn could be
formulated, but until design concurrence with the government
was reached. Compounding the problem, the delay had a
significant cost impact on items being produced that would
now require retrofit, o
RECOMMENDED GUIDELINES YOR FUTURE PROGRAMS:

The DVT and Qualification programs should be based

on a component level as depicted in Figure 3.4.1. This would
enable the contractor, in the event of a failure, to procced
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to Qualification Testing of another component rather than
subject the program to undue delays. It would also allow
significant flexibility in the cvent of unanticipated dcuign
problems. Qualification testing could commence with a
slave component until the item is rceady for design release.
The required cycle life of each component, arms, legs,
etc. should be established early in the program to insure
DVT and Qualification procedures are written to insurc that

this flexibility is reflected arnd approved.

PROBLLEM:

The design engineers could not adequately train the
project, manufacturing and quality engineers:prior to
fabrication of the DVT space suit. '

"Fine tuning" chénges were incorporated-in the DVT
and qualification units without "cost tradec-off" studics.

_ Future programs should be designed to permit design
engineering to allocate sufficient training time fcr
project, manufacturing and quality cngineers. The results
of this situation cause the design engineer to spend an
excess amount of time supporting manufacturing problems
rather than solving known design tasks. The design engineer
exerts a considerable amount of influence during the fabrication
of the DVT and qualification units. Since his goal is to
provide the best design within the allotted time, "fine
tuning" changes are incorporated. These changes could very
often be incorporated in any one unit, but to process the
formal change paperwork and to coordinate the redesign to
meet production schedules often caused schedule delays.
Verifying the configuration at Pre-delivery Acceptancc was
very time consuming, this factor contributed significantly
to that problem.

RECOMMENDED GUIDELINES FCR FUTURE PROGRAMS: -

Tha appropriate engineering disciplies and program

management should control the fabrication of all contract
end items. This can only occur if these groups are available
and sufficient time allocated prior to any fabrication.
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PROBLEM:

Significant deleays are encourntered during Qualificaticn
testing awaiting contract changes authorizing incorporcation
of design changes. . '

BACKGROUND
FACI was performed on the first qualification space

suit. This signified that the CEI met the design requirements

of the drawings. Howevexr, onc of the main problemg was the

time delay from submittal of ROM to receipt of CCA. The

ECP baseline for changes is eshablished at FACI. Thus, this

delay occurred during the gualification of the PGA's. This

caused significant prcgram delays and associated increases

in program costs. ==

GUIDELINES FOR FUTURE PROGRAMS: . -
Depending on the circumstances and negotiations, the

contractor could commit to a FACI after completion of
Qualification and a summary FACI upon availability of the
final component. This agreement would place additional
emphasis on the contractor during the design phase to
assure successful completion of Qualification. However,
such areas as NASA approval of changes, duration of the
development phase, etc. would require re-evaluation.
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3.5 TITLE:

Astronaut ¥icld Cptional Item Control
OBJECTIVE: .

To establiish sound guidelines for ficld optional item
control which will rcsult in cost saving for future suit
program,

Field cpticnal modifications which impact configuration
change, multiple drawing revisions, additional tracking
mechanisms, and generation of massive historical files.
BACKGROUND ATQLLO/SKYLAB SUIT PROGRAMS :

Many field optional items (FOI's) evolved during the
200 plus fit checks of contract NAS 9-6100. The FOI's asually

resulted when a crewman at initial fit check would request

modificati~ns to his suit or separable component for some
of the following reasons; physical abnormalities, personal
discomfort causcd by hard points on the suit, cosmetic
value, simplification of donning aad doffing, etc. The
approximate number of defined FOI's that were initiated at
Lit checks, and controllcd and monitored by the CMO
department during the suit program was thirty (30). This
count includes separate listings of FOI's for each of the
separable components of a PGA; ITLSA, IV/EV Gloyéq,“helmet,
suit instrumentation, and CEI Liquid Cooling Garment.

During the earlier part of the program, there were
no real controls governing the creation and implementation
of FOI's. The definition of FOI's (originally referred to
as crew perference items) were ambiguous in that the notation
for various FOI's or comfort pads usually indicated "install
as required". A system of FOI controls was then established
to properly identify and control (in detail) all new and/or
revised items. Each time a crewman expressed a desire for
a unique modification to his suit, this request was first
exposed to the customer prior to incorporation.

It was the contractor's responsibility to relay this
request to NASA via notation on the affected components
shipping papers, the Form DD250. After the request for the
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: unique configuration requirwments.

or new FOI was approved by NASA, and contractural authorization

the following chain of events occurred:

CMO initiation of configuration change control
board directive, specification change notice, and
subsequent Engineering Change Order.

Revision to applicable drawing affected by adding
or revising a Field Optional Item to an end item
and/or separable component. One typical example
causing a configuration change could be the addition
pad on thc torso limb

This would

liner assembly drawing,

of a new unique comfort
suit liner assembly for Skylab only.
involve a change to the
creation of a comfort pad drawing and part number
change at the top ITLSA assembly.

CMO updates master Field Optional Item List (FOIL)
and initiates a supplementary FOIL for all suits
affected that have been DD250'd. The new FOT
requirement would be scheduled for retrofit arfter
consulting the crewman to see if he desires the
new change.

The insertion and verification- of the new FOI
requirement in applicable component accep.ance
data package,

Although a formal list of FOI'c were described in the
PGA Contract End Item Specification and were similar in
: < nature, each separate category of suit configurations required

Incorporation and

configuration of FOI's for Skylab differed from the Apollo

suit program.

One example would be the orientation of gas

connectors where the crewman had the option of positioning

the

"lock-locks"
him when attaching 02 and exhaust lines.

in the orientation most comfortable to
This item was

o noted in the CEI specification as "orientation of gas

P

connector locks". for all Apollo, Skylab and ASTP suits.
particular FOI required different clocking configurations
for the Command Module Pilot as compared to clocking for the

This
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EV crewman's suits since the gas connector locations on the
PGA's were different.

The specific tasks invelved in the preparation for
a forthcoming fit check and subsequent fit check action
was as follows:

Crewman Initial {(First Suit) Fit Check.

1. Preparation of a total FOI package shcwing all
the various options for the separable components
and CEI's 10 be fitcheaked. This package is
submitted to the Fit Check Engineer the day before
fit check.

2. The Fit Check Engineer discusses the various
field optional items with the crewman at fit check
using the FOIL as a guidelines.

3. The crewman's FOI selections are noted on the
FOIL package and returncd to the CMO.

4. CMO generates a Fit Check Project Directive which
directs the dectails for fabrication and incorporation
of the Vérious crewman selected options. This
action is conducted prior to the shipment of the
CEI/separable components affected.

5. After the FOI's cre incorporated, Quality Assurance
submits a verified FOIL to the CMO for close out.
If a requested FOI does not get incorporated at
the depot, then CMO annotates this configuration
difference on the separable components/CEI's parts
list or ACL which ever is applicable.

6. If a request for a FOI is made that was not defined
in the CEI specification, CMO would then initiate
paperwork to advise the customer of a new request.
Approval of this new request for a FCI would
revert back to the chain of events described in
the previously mentioned Items 1 - 4.

Crewman Subseguent Fit Check (Second and fub Suits)

1. About 4-5 weeks prior to the next forthcoming
fit check, CMO would initiate a FOIL package
(with Fit Check Engineering, Program Control, CMO,
QA & R, and Manufacturing review) to manufacturing
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for incorporaticn of all FCI's previously
requested by the same crewman. This was done to
have the crewman's next production suit to he
identical to that previouvsly shipped.

2. After incorporation of prescribed FOI's, Quality
Assurance would advise CHMO as to the results of
manufocturing's efforts. If a FOI did not gct
incorporated by manufacturing due to schedule
problems, then the MO vould .advise Fit Check
Engineering of any discrepancies.

3. The Fit Checlt Lngineer would advise the crewman
of the options incorporated/not incorporatcd
during the suit's fabrication phase., At this
point, the crewman had some suit experience on
his first suit and usually as was the case, he
would not want some of the options requested

during the initial ¥it Check. The next step would

be to remove these FOI's not desired and reflect
All new desires on any subsequent Fit Checks.
Therefore, the FOI bascline for each crewme:n
varied with each of his suits.

4, Results of the second suit fit would be received
by the CMO and appropriate action taken to repeat
the previously mention:d steps one through six.

A new problem surfaced when suits were undergoin,

numerous rework operations at the depot and field sites.

The rework in some instances caused the alteration or removal

of certain FOI's, citing the arm and leg adjustment changes
as a typical example,.

This problen wouldn't show until the next time the
crewman wore the sait. This condition not only produced
crewman discomfort, but caused a loss of confidence over
the field optional item configuration and quality controls.
To counteract this type of problem,'thc CMO was tasked to
review each CEI/separable component ADP upon receipt at the
depot prior to rework. CMO compared the original baseline
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FOIL to thc verified FOIL in the ADP. All differences and

unique changes derived from the ADP woere noted on a FOI

Test Preparation Shect., It was CMO's responsibility to

identify the exact dimensions, comfort pad requirenents,

gas connector clocking, etc., on the TPS. Upon complection

of retrofit reguircmcnts, CMp-with the aid of the Quality

Assurance Dcpartment, re-verified the fact that the suit

was restored tu its original FOI status prior to re-shipment.
- The efforts involved by the CHMO during this pericd amounted
 to a full-time task during periods of consecutive fit checks.

Also all fi~ld incorporated FOI's before they were

incorporated Lad to be reported'to the CMO, who in turn

reviews same with depot project engineering. The change

receives devct concurrence and is authorized for incorporation

by the apblicable field site. Verification .of this incorporated

chenge is then logged in and monitored by the CMO.

There wefé'many FOI's that, regardless of whether or
not the crewman desired same, were shipped with each suit.
The FOI shipments with each CEI/separable component produced
additional configuratior and Quality Assurance controls. For
each CEI/separable component, there were standard FOI's,
i.e., chin pad, suit liner comfort pads, wristlets, glove
comfort pads, valsalva device, etc.

The rules for FOI's were changing due to program dynamics.
This induced another problem of whether or not to re-identify
the componént for new proposed FOI's or add the change
across the board for all suits.

The latter preference was usually the rule, and
"mountains" of paperworkwere generated by new ACL's, ECO's,
Drawing Changes, Specification Chénges, FOIL revision, etc.
One of the rules applicable to FOI re-~identification of
the "as-built" part number on a components list to agree
with the "authorized" part number was when a crewman
exercised his option to install/not install the FOI. This
meant that if he did not want a certain FOI that affected
a dash number change, and was noted on the FOIL, the "as-
built" dash number was progressed indicating incorporation.
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By locking at the components list you could not determinge
whether or not the change actually was installed, but only
that the crewmen excerciscd a positive or negative option.
It was obvious that due to this complex system of
Field Optional Item identification, control, and continuous
accountability that a more practical and economical system
could be devised. Below are some recommendétions fer
enhancing previous FOI methods and controls.
PROPOSED FUTURE SUIT PROCGRAR METHOD:

Recommendations for future program FOI contxrol should

follow these guidelines:

1. Conduct all fit checks in the field; this permits
the re-verification of field optional items with
the crewman upon completion of FOI installation.

2. 1Install.all FOI's in the field.

'~ elimirate FOI reggrting to the depot, as well as~

This action would

allow the crewman to better evaluate the effects
of the FOI.

lation of comfort pads and subsegucnt acceptance

In nost cases, the temporary instal-

by the crewman would save many manufacturing, CHO
and Quality Assurance hours.

3. Do not change configurations as a result of new
or revised FOI's.
affects the gualification status of a CEI or
sepatable cowponent, then it should be classiiied
as a Class I engincering change which requires
contractural authorization.

4. Create a "cookbook" of acceptable FOI's as defined

This

propesed “"cookbook" would be classified as a

It would be subjected to

internal 1CO controls; however, at the Class II

at the CEI/Separable component FACI.
Type II document.
level of chunce. This same book wculd define in
detail each change, all necessary manufacturing
and fabrication instructions for installation,
methods of t;acking, and the procedures involved

with each fit check oparation. This book would

"v',"“»i’?‘ A,

If a crewman's desire for change
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elimirate the need for the CEI specificatio-n FOI
§ listing, and numerous activitigs conducted by the
{ CMO.

remain a part of the end item ADP.

Verification of FOI installation should

5. Provide FOI's only when specifically requested by
the crewman.

. ' - It is estimated that a minimum of 40 hours was

I expended by CMO for each fit check. The cost savings

experienced under the new method relative to the CMO effort

[ ' would be approximately 36 hours/fit check.
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3.6 TITLE:

Busi
PROBLEM:

ness Manageoement System

During the performance of NAS 9-6100 the two most

significant problems cncountcred in the operation of the

business management system wvere:

- .. lo

BACKCROUND :

The 533 rcporting‘format was not directly
relatable to ILC internal cost control methods.
This rendered the 533 significantly non-uvtilitarian
as an internal management tool. This -resulted

in the construction and administration of a
redundant cost control system, non-reflective

of the 533 report, to provide ILC maragement
wWwith cost and manpow2r monitoring data.

The Work Breakdcwn Structure (WBS) which served
as the basic skeleton for reporting (533 report)
and for developing cost collection data went
through significant changes at various stages

of the contract. At each change, implementation
and re-education produced inefficiencies and
inaccuracies as well as a loss in continuous
track of data. Equally as important, the various
WBS's employed did not provide significant
segregation of data to establish meaningful
relationship for management information relative-
to future planning efforts.

WORK BREAXDOWN STRUCTURR:

At the outset of NAS 9-6100, Schadules I and II, a
WBS was employed which closely approximated the classic type
WBS found in textbook applications. A facsimile of the WBS

is shown in Figure 3.6,1.

to meet program reporting requirements during the period

it was applied. The reports, however, never served as an

internal management tool. The data available from thisw

WBS has blended in quite satisfactorily with the general

R

This WBS provided information adequate
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terms cstablished in the previous section's historical cost
analysis. The failings in this WBS are thuat a Contractor
must be sufficiently computerized and orientced towards
government cost systems as well as being propcrly organizcd
to attain the full benefits of this applicatien. The
cross-matrixing of organizational and resourcc informatiocn
becomes quite cumbersome to handle and useful timely data

is difficult to derive without correct crientation and
adeguate computer systems. This WBS concept was abandoned
at the inception of Schedule IV.

Schedule IVA was performed unde. the VWBS shown in

Figure 3.6.2. This WBS was constructed to provide separation of
all engineering and manufacturing costs by Contract End

item (CEI) and Level 1 Tasks; i.e., Design, Component
Development, Productioun, Svares, etc. Program Managemcnt
and Field Support were exccptions. Costs were further segmented
by functions. The management philosophy at this time was
that all costs should be identified to a CEI within a

Level 1 Task. In retrospect, the data in this form was
never used or compiled to produce meaningful management
information. The functions which were determined to be
essential data at the time of formation of the WBS have had
limited value in historical cost studies and were not uscful
in any way to ILC in the day-to-day operation of the program.
The use of this data by NASA 'is not known.

At a milestone occurring on July 1, 1971 and

following negotiations of SA 433 a revised WBS was instituted.
This was the start date for Schedule IVB. This WBS attemptéd
to retain the Level I Tasks for continuity. The primary

aim, however, was to relate the framework as close as
possibie to the organizational alignment of ILC. This was
significant in that negotiated manpower and internal budgets
had been arranged organizationally. It was felt then, and
now, that a basic framework should be =stablished early

and retained from proposal phase chrough negotiation and

into operation and repoxrting of the program. This WBS
concept was retained essentially through the completion of
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the proygram. Onc notable change that did occur was the
establishrent of Hission Support as a Level 1 Task at
January 1, 1973. 7This was another stcep closer to adhering
to negotiatcd and budgeted ‘information. Previoucely
Mission Suppori had bceen included in variocus Level 1 Tasks.

Reviewing all the WBS's ciployed during the performance
of Schedule IV, very few itcms arxe found which were
continued and retained in the same form and undexr the same
ground rules throughout the program. In addition to the
WBS levels varying it is also noted that the other exis
to the WBS, the resources applied, varied in its format
and content through the program. In Schedule I and II
labox catecgories vere the detsil level of the WBS. In
Schedule IV, functions were the detail level. Neither of
these, in the application at ILC, provided workable management
data for day-to-day program ronitoring nor did they readily
produce data useful for the historical cost analysis in the
previous section.

The WBS's themsclves were not sufficiently detailed
to provide easc in interpreting and applying. WBS element
descriptions and ground rules secmed continually to need

reclarification. %“his undoubtedly was caused by the instability

in the WBRS's but esqually resulted from "gray area" in cach
WBS. Future WBS's should be clearly defined and be aligned
such that "gray arcas" cannot exist.

533 REPORT:

Reporting of data via the 533 Report was strictly an
exercise in report preparation. Very few facets of the 533
data were relevant to internal management of the program.

Rather than the report data being a natural fallout from the
daily business information it was a once-a-month reconstruction.

- It was necessary to take input data from the departments

involved and reorient the data for inclusion in the report.
This reorienting of data coupled with the volume of inputs
and the lack of computer facilities placed significant
burdens on nanpower. Bobth parties, the government and the
contractor, would be better served if the organizational

. =57~
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alignment and the cost systems in place at the contreactor's
facility were governing factors in the establishment of 533
reporting formats. This problem, however, is relatable tec

the formation of the correct %i3S. The solution of the

correct WBS should also produce the solution to the 533
reporting problems.
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GUTPELINES -~ FUTURE PROGERAM RECOMMENDATIONS:

At the close of the Apcllo Program, HAS 9-6100, the

cost studics presented in the previous sections were

! performed. Prior to the study, the significant criter’: to

: a suit program were determined. The major functions of

| Developnent, Production, Mission Suppert, Program Management,

. Spares, Retrofit and Repair, and Field Support were
establishe’ as being the meaningful criteria which woul« Le

i existent in typical suit programs. These functions should

therefore bo the basis for management of future suit

programs. The ¥Work Breakdown Structure (WRS), being the

r—-————

skeleton for the business management systen, should be
; constructed to produce informaticn on the major functions
described above. Dxhibit i is a recommended WBS which would
r be applicable to typical space suit prcgrams and which also
would provide the segregation of-cost into the major functions.
A brief description of each major function ard the recommended
contents of each are as follows:

Program Management -~ Level 1 task Program Management

would include costs associated with activities pexrformed by
all segments of the program office organization.

Development - Level 1 tasks Design, Component Davelopment

and Engineering Tasks would combine to encempass the total
Development function. -
Design -~ would include all engineering and other
support effort such as gquwmlity assurance and reliability and
the fabrication of enginecering models for verification of
design concepts. Individual cost accounts could be established
‘ at Level 2 to segregate costs of each design activity.
v Component Development - would include fabrication of

formal Design Verification Test prototypes and Qualification

e

. Test units. Formal Design Verification Testing and
Qualification Testing would also be Level 2 activities
within this task.

' Engineexring Tasks - would accumulate costs on all

Engineering Design tasks authorized by Work Request Forms (WRF's) .
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Individual cost accounts would be assigned to each WRY.

PRODUCLION - All production costs would be included

under the Level 1 task Production. Production would be
defined as inciuding only that manufacturing and inspection
labor direcctly associated with fabrication of the Contract

End Items. Lanufacturing Enginccring would also be considercd
as a production cost. Level 2 task CEI's would be further
segregated at Level 3 into the various CEI's determined to
be separately identifiable on the future space suit.

. MISSIOH SUPPORT - All costs associated with effort

performed by personnel designated as mission support

personnel shall be included. Mission support personnel
would perform enginecxing, quality assurance and reliability
activitics.

RETROFIT AND REPAIR - This Level 1 task will segregate
at Level 2 into the following:

Depot Retrofit - all retrofit work performed on

articles already delivered to the customer but retained or
returned to the contractor's depot would be considered as
depot retrofit. Individual tasks could be assigned for each
retrofit task.

Modification Kit Fabrication - all costs associated
with M & R effort authorized by WRFF's would be accumulated

under this Level 2 task. .

SPARES - all spares costs would be included within
the single Level 1 task entitled Spares. All manufacturing
and inspcction labor and materials utilized in the completicn
of spares oxrders would be included. Each Spares Order would
have an individual cost collection code.

FIELD SUPPORT - the Level 1 task Field Support would
be totally synonomous with the function Field Support. All

costs associated with the support of the space suits in the
field would be included. Level 2 segregatior. could be by
site with Level 3 if desired further segregaiing the types
of field support activity,

-60-
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In furtihes review of the meaningful criteria to a
program as well as rcovic.ing the needs of a contractor for
intcernal management of costs, il was decided that the typical
space suil contractor would Lo o:rocui.: 1 into the following
primary labor divisions: Prog:zam Management, Engincering,
Manufacturing, Quality Assurance and Reliuability, and
Field Support. This being the case, detail level labor
should be summarized accordingly. Organization coding to
provide this data could be establiched., Exhibit 1 portrays
‘a typical organizaticn summary which would be used in
adjunct to the WBS and cscive as the detail level of the
WBS. Brief definitions follow:

Prograom Management - Each organization under the
Program (ffice would have an individual coding. The sum of

the data accumulated through these codes would reproesent
the total activity of the Program Management organization.

Engineering - Engineering could be further segmented

into such alignments as Systems Engincering, Design Engineering,
Test Engineering or as seen fit by the organization at the
time of performance.

Manufacturing ~ The Manufacturing organization
would segregate and identify at. a minimum all activity performed
by the fabrication group; the inspecticn group and manufacturing
engineering.

Quality Assurance and Reliability - The QA & R

organization would include such groupings as Quality
Engineering, Reliability Engineering, Technician Support

and Documentation Support. Other orxganizational alignments
deemed more satisfactory at the time of contract performance
could be inserted here as well as in all other primary labor
divisions.

Field Operations = Each Field Site would be the basis
for segregation of organizational information for field
operations. The above recomuendations are directed towards
specific areas necding attention at the outset of the next
suit program. In addition to the above, however, there are
some general recommendations which should definitely be

b, e
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included in the planning for the next program. They arc:

[

¢ 1. Establish a WBS, preferrably alcong the lines

described akove, early in the program; be

L sure it will meet all nceds of the business
management systcin; and that it will be in concurrence

or readily adaptable to the contractor's intcrnal

——————

accounting system; tien retain the same WBS
through the entire program.
2. Make the reporting system a useful tool to both

o——— .

b : . the contractor and NASA. Do not require establishment

.
tL of information tracks that are not readily drawn
P e from contractor data ox have no use to the
- contractor's managcmant systewm. :

’ 3. When the WBS is finally solidified, establish
P
" clear guidelines to the application . . . allow

no gray areas. Do not change ground rules in
| mid-program.

The above recommendations are in some cases general
! in nature and in others, more specific. In either case,
: however, we feel that they will be of benefit in the

establishment, operation and analysis of future space suit

programs.
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NAS 9-6100 Schedules I & II

Work Breoakdo-n Structure

Level

0 12 3

Schedule I
Contract End Iltems
PGA
LCG
TMG
EV Visor
Garment Accessories
Program Managernent
Project Engineering -
Systems Integration
Manufacturing Engineering
Quality Assurance and Reliability
Schedule IIX
Sustaining Engineering
Field Support
Off site
On Site
Spares -
Spares Program Management

Spares Orders

_FIGURE 3.6.1
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GLOSSARY

e

COST ELEMENT ~ the type of coét, c.g., Labox, Material,
Burden, ctc.

: MAJOR FUNCTION - a separation of costs into meaningful

genexic tasks typical of suit pr. jrams. The

‘ funciions are: Production, Decvelopricnt, Mission
. . Support, Program Management, Field Support,
: Maintenance and Repair, and Spares.
b PUASE ~ refers to the various suit applications and time
f{ divisions of the total contract reclative to Apollo 7
{‘ through 14, Apcllo 15 through 17, Shylab ana ASLP.
|
! §
(- PRIMARY LABOR DIVISION ~ a separation of labor into organizational
é componeants, i.e., Manufacturing, Enginecring, Program
( Management, Qﬁality Ascurance, and Reliakbility and
{ Field Support.
j
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{
P Frograir Management Organization and Manpower Summary
[

OBJECTIVE:

Evaluate ine program mznagement organization whidlh

P
“

existed during the Apollo, Skylab and ASTP suit programs.
Detexrnine the total manpower savings resulting from the

implementation of the guidelines for future programs as

r ' presented in paragraphs 3.1 through 3.6 of this section. _
i APPROACII: .

- . The iLC program management o:ganizétion which supported
the Apcllo, Skylab and ASTP suit programs was used as a
comparative haseline. Guidelines identified as proogram :E

margenent manpower savings in paragrephs 3.1 through 3.6 of

T

B . this scction were used to formulate the recemmended manpower

required to support a future suit program. The resulting

TS
orormveny

¢ § ' summary of manpower savings was then determincd by a comparison

: of these program ranagement organizaiions.

GROUNDRULES USED FOR THE STUDY: - 3
l. The program management organization for the period '

pmaan ma oy
t

P of 1270 through 1973 was usod as the study

PR s e

baseline. Emphasis was placed on reducing the

T level of required manpower.
- ? ) - 7 2. The proposed program management orcanization was
; f l. R manloaded to support the program schedule

preserted in Section 3.4 . 3
DISCUSSION: '
o ? Implementation of the guidelines for future programs
: as discussed in the preceeding paragraphs of this section B
- resulted in the recommended program management structure as
§ - illustrated in fiqgure 3.7.2, The manpower level of this e
| organization was then compared to the level of the program
. ‘marnagement organization that existed at ILC diring the period »
v : 1970 to 1973 (See Figure 3.7.3). The manloading of the t
' 1970 to 1973 organiz.-iocn wvas based on an average 1/5

» production rate. In order to properly compare these :
L. organizations, the production rate was factored to reflect %

R o
—

the esimatcd levels of manpower required for a 1/20
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production rate, Comparison of these two programs revealed

of 480 man months.

.

-{ a total manpcwer savings
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4.0 ENGINEERING

4.1 TITLE
Interface control documentcaticen (IC2) for cup-
port of a future space suit progran.
OBJECTIVE:
Establish the most efficient and least costly method

of controlling the interfaces of future space suits with

governrmcnt and contractor furnished equipment.

" APPROACH :

The methods of space suit interface control used on
the Apdllo, Skylab and ASTP programs were examined in ad-
dition to new concepts of control.

These concepts were evaluated for efficiency and
associated cost effectiveness.

Cost savings data was developed by comparing Apollo,
Skylab and ASTP Programs to the recommended new interface
technique.

GROUND. RULES” USED FOR STUDY:
1. The space suit ICD program for the period of
1966 through 1973 was used as the study baseline.
2. It was assumed that a new space suit configura-

tion will be used for future suit progranc and
that the majority of existing interface documen-
tation will not be useable.
INTRODUCTION :
During the Apollo, Skylab and ASTP programs, various
techniques of interface control were used by both NASA and

the associate contractors for the identification and docu-
mentation of interfaces. On the Apollo program, the associate
contractors performed practically all the interface nego-
tiations among themselves. If a stalemate occurred, NASA
would intervene to resolve the contractor differences and
additional effort was then continued among contractors.
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During this program, NASA acted as a mediator among the
controctors and scheduled frequent meetings in order to
maintain a punctual resclution” of interface problems.

This Lype of clouse associate contractor interfacing be-
came less effective during the Skylab prougram as Level

"A" ICD's were introduced. During this progrem, RNASA
still acted as mediator, but also actively negotiated
interfaces with other NASA centers and in many cases
without the knowledge or assistance of the contractor

who designed and manufactured the equipment. The ASTP
program involved the least amount of coatxactor coordina-
tion during the suit program. This occurred since all the
suit interfaces already existed on prior programs, therefore,
existing ICD's were uced.

In this report, the problcis of suit interface control
experienced during the Apolle, Skylab and ASTP programs
were examined. Each problem orf grcup of problems is pre
gsented with recommendations for future suit programs which
will result in a cost reduction.

The study encompassed investigation of the following
areas:

a. The impact of flight effectivities, part numbers

and end item weight changes on the ICD's.

b. The use of Level "A" ICD's on advanced suit pro-

grams.

¢. The duplication and unnecessary information re-

quired on many Apollo, Skylab and ASTF ICD's.

d. The difficulties in the handling of some ICD's

due to size.

e. Cost considerations if new methods of interface

control are utilized.
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PROBLEM:

Flight effectivities, part numbers, and end item
weight changes cesulted in numerous Interface Control
Document (ICD) end Interfacc.Revision ﬁofice (IRN) chan-
ges. In most cases, this information had been previously
provided to a contractor in another document.

BACI:GROUND :

Flight effcctivity notes were required by NASA as a
method of configuration control on all Apollo, Skylab ard
ASTP ICD's. This was done to identify which suit and ve-
hicle or life support system configuration and what mission
was being illustrated on the ICD.

Flight vehic¢le and mission reassignments resulted
in numerous Apollo and Skylab suit ICD changes, and nearly
all ASTP suit ICD changes. A total of 31 "effectivity"
changes were processed during the ASTP program alone. Fi-
gures 4-1-1, 4-1-2 and 4-1-3 illustrate examples of typical
ILC, Grumman, and Rockwell International ICD effectivity
changes. '

In all cases, these effectivity changes did not actually
effect any real suit interface., In an effort to reduce
the costs of processing these changes, Interface Revision
Notices (IRN's) were transmitted for signature in groups of
more than one. However, much time was still expended in
transmitting memorandums and attending meetings to complete
the approval of "effectivity" changes.

Similar to flight effectivity changes, part nunber, and
dash number changoes appeared on many ICD's and IRN's. In
most cases, part number callouts were not required. Identi-
fication by part number was necescury for the interface of
some hardware since the dimensions were proprietary informa-
tion.,

' Since the part numbers were noted, each time the dash
number of the vehicle or suit changed, the ICD had to change.
In most cases, these changes resulted from component and
sub-system changes which did not effect the intexrface.
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Unlike flight effectivity notes, cenfiguratior dash
numbers provide absolutely no usefvl information on the ICD.
Since the interface dimensions and cother necessary information
is provided, the dash number does nothing but confuse an
associalte contractor unfamiliar with the suit sub-systen
and conponents.

The itemizing of weights on the ICD served to advisc
the interfacing contractor of the larest suit and svit
equipment (LEVA, SEVA, gloves, helmet, etc.) weights for use
in the structural design of the vehicle or the orcration of a

manauvering unit.
The frequent changing of hardware weights may be an

abnormal occurrence for most flight hardware. However, this

has not been the c«ze with the pressurce suits. Frequent changes

nave occurrcd due to: ,

a. Changes in mission requirements resulting in
substantial design changes necessitated numerous
weight changes. An example included the Apollo
suit design change from a four hour Lunar EVA to an
eight hour mission.

b. Numerous crew optional itcms used on the suit were
continually being revised or added to the basic suit
configuration. Examples ©f some crew optional
items included special comfort pads, ccmfort gloves,
valsalva device, wristlets, quantity of pockets
and many others.

On the Skylab program, the suit and suit equipment

weights were documented on the Skylab Stowage List. This

stowage list was updated as each suit contractor CEI specification

weicht change was authorized on a contract change authorization.
In addition, the suit contractor was required to periodically

- perform a formal review ot the stowage list.

The flow chart illustrates what happened to an approved

suit weight change on the Skylab program after the CCA was
released.
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The stowage list also served as design requirements to

the OWS design contrector. As a result, there was no need to

docum~nt the suit weight changes on the ICD.

Thic system was not used dvring the Apolle program or

with the Command Module contractor on the Skylab and ASTP

prograns.,

L5 a result, each time the suit contractor received

a contract change authorization which changed the sui: weight,

the ICDL required a change.
GUIDELINES FOR FUTURE VROURAMS:

1I

Although the effcctivity notations on the ICbL's
caused numercus change activity, they did serve to
advise the reader of tre flight aission(s) ou
which the equipnent was intended for use.
Therefore, for future programs it is recomuended
that a separate listing of the individual TCD's
and their respective effectivities be prepared and
maintained by each contractor. Thris listing .
could be part of a monthly status report or other
similar documantation which could be used as
information to psrsonnel nct directly ascsociated
with the suit proc¢ram,

Configuration part numbers and dash numbess of the
various system, sub-system and component suit
hardware, shculd be omitted from the ICD's whea not
required.
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3. A prourcm stovage list or other similar document,
used effcectively, is the guickest and easiest
method of providing a suit weight change to a
vehicle contractor. As long as the stowage list is
a contractural requirement for the vehicle contractor,
it will eliminate the need to process and transmit
an JCD change each time a suit weight change is
approved. The suit weights should not be .:oted on
. the ICD if the stowage list is used.
PROBLEX :
Interfaces identified on Level "A" ICD's were activelvy
negetiated belween NASA certesrs —nd in many cases witlout the
knovwledge cr assistorce cf ne suit coniractor.

BACKGROUND :

Lev:” "A' or Intercenter ICD's were utilized orn the
Apolle anu Skylab programs to define the suit interfaces with
cquipmcnt supplied to a NASA conter other than the Johnson
¢pacecraft Center (JSC). These cuit inter.aces incluued:

a. Suit to Lunar Rover Vehicle (MSFC) -~ Apollo

b. sSu.t arnd ¢ mipment to ORs (MSI¢C) - Skyvleb

c. ouit to 70620 Foot Controlled M2neuvering Uait -

Langley Reseazcir Center - 3Skylazb
d1. Suit to PGA Fcot Restraint ({MSFC) - Skylab

The ICD'c wer~ approved only by NASA JSC and the
interfacing NASA center.

Whcea each of these Level) "A" ICD's were initiated, suit
information vas transmitted from JASA JSC to the intcrfacing
NACA center. It was then transmitted from the interfacing
NASA center to the contractor nrejaring the ICD. In one cf
the.e interfaces (b), the interfece coordination was performed
directly betweer the suit contractor ana the 2WS vehicle
manufacture» ~t the commencement of the progrz.a. This ICD was
wvell coordinated and defined. However, later changes or PIRN s
(Preliminary Interface Revision Notices) were initiatcd by
NASA which were not coordinated with the suit contractor until

fter NnSA approval had been made.
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In addition, two othor Level "AY ICD's (iters a and d)
vere ncver revicwed by the suit contracter until afier receipt
of the NASA approved documcnt. In addition, the approval tine
required for a L.evel "A"™ ICD in some cases rcguired several
months,

All of this resvlted in the suit coentractor ICD
pzrsonnel beirg less concerred phcoul the accvracy of suit
details on the JICD. This resulted bhecause:

"~ a. The suii contracter intesface personnel did not sign
the ICD.

b. Even when the suit contractor attempted to itemize

-

engincering discrepan-ics on Level "A" ICD's
by memorandua, they were :1a most cases signed by
NASA without the recormmendcd corrections.

c. Many PIRI's were approved without the suit centractor's
review since KASA considered them to have no impact
on the suit,

In summary, NASA assumzd tlie responsibility for insuring

proper interfaces were provided on the Level "A" ICD's as
well as the changes (PIRN's). Since the Skylab program used
an Apollo configured suit, the interfaces were easily defined
and the vehicle and other Skylab hardware was generally
designed to fit the suit.

GUIDELITNES FOPR FUTURE PRCGRIMS:

Based on past expevience, it is believed that the
Level "A" ICD's used on the Skylub program for suit interfaces
is an unfecirable meithod of contrcl for future programs
especially if a newliy designed suit is used.

If Level "A" ICD's are to be used in future programs,
it is recommended that the interface coordination for the
initial or bhasic ICD and vubsecuent PIRN's be coordinated
directly betwcen the affected contractors, with each indicating
agreement by signing an approval shecet. NASA centers can then
use this approval sheet to help expedite later NASA approval
of these ICD's.
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During the Apollo, Skylab and ASTP programs, individual
interfaces wvere documenicd separately in licu of groupns.

Thic rcnulted in duplication of inlerfaces, unnccessary
information and difficult handling due to the quantity of the
ICD's.

BACKGROU-D:

The suit ICD's for the Angllo, Skylab and ASTP programs
_uséd the philosophy that each "individuval interface be decumented
scparately.

In addition, .echanical interfaces were traditiocnally
documented on a drawing which ranged from a "C" to roll size
while functional ICD's were dccumented in specification format.
This resulted in a total of 928 Apollo, 57 Skylab and 21 ASTP
suit related ICD's. Besides reguiring massive amounts of
papervork {engineering memoran’ums, ICD status reperts,
intcrnal meros for ICD relecacse), these large quantities of
ICD's led to the duplication of interfaces and the need to
add unnccessary information in order tc f£ill the drawing
paper.

Duplication of suit interfaces occurrcd between ICD's
przpaired by differcnt associate contractors and the suit
contractor.

This occurred whcen one contractor prepared an ICD
illastrating the interface of a specialized piece of. his
hardware with the suit while a second contractor prepared an
identical view of the suit interface with his specialized piece
of hardware.

Prior to ICD preparation by an associate contractor,
the suit contractor was requirecd co prepare and transmit an
illustration uf the various suit configurations and changes
which occurred during the phases of each program. As a
result, the duplication of effort between different contractors
was further compounded by the preparation of the initial
illustrations which were then copied or traced by the associate
contractor responsible for preparation of the ICD.

e -
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Onc cause of this sitvaticon was the use of the
"py. mid" o "pecking® system used with {he rpollo ICD's.

When an ICD was required between two or more contractors, this
NASA svsten placed the responsibility of ICD preparation on the
associatC conitractor listcd highest on the pyreémid. In most
cases, this reguired tle contractor below the higher listed
contractor to prepare a drawing or sketch which was then copied
or traced ontc an oificial ICH by the higher contractor on the
pyramid. As a result, the same work was perforned twice with
‘each contractor charging NASA for his effort.

Another source of interface duplication was the
"Intercentcr" or Level "P' NASA interface system used primarily
on the Skylab program. Duplicaticn occurred on suit interfaces
such as connectors, hard point mounting areas, functional
reguirements etc., cince the interfaces previously documerted
between the suit and NASA JSC vehicle contracteoirs were again
documented on tie Level "A" ICD betveen the WASA MSFC vehicle
contractor and suit contractor (NASA JSC). As a result,
sketches and vicws from already existing ICD's were copied onto
a Level “"aA" ICD.

ICD's IDA02-1004-11, IDA04-1031-11, HDA02~715413-11,
HDA02-729670-11, MHO01-21021-136, MHO1-21048-136, and 13M13524
illustrate an example of ICD duplication. These exanmples
illustrate how duplication of the suit connector inteirface
occurred on the Apolle program and was carried over to the
Skylab and ASTP programsi

During past suit programs, numerous ICD's were prepared
which contained views, dimensions and other information which
was not nezessary in defining the interface.

Two examples of ICD's which contained numerous detailed
views, dimensions and notes of equipment which was not required
to describe the interface included:

a. ID202-1022-11 "A7LB PGA Pocket Accessories Interface"

b. HDA02-729629-11 "Mechanical and Functional ICD -

Buddy SLSS to A7LB PGA and A6L LCG"

Many other ICD's existed,; but these two were rcadily
available at the writing of this report. Inspection of each
document reveals the following: )
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iNa02-1022-11 (two roll sized cheoais - eech 3 1/2
fect long).

This ICP co.tains illustrations of cach pocket worn
on the A7LB-rV and A7LL CM2 PCL's. The only
dimensions illustrated for any oi the pockets

are the envelope dimensions called out under each

detail. In the case of the scissor:s, checklist,

G

data lict, and utility pocket configurations, cach
pocket could have been lisied by ni.ae, part avmbor
and inside cnvelope dimensions without requiring a
detailed illusiration of the individuzl pocket.
Separate views of the pen, penlight, sunglasses
pouch and yorsonal dosimet.or covld have becen
illustrated to chow the detailed interface
dimensions of these items without illustrating the
suit peckets. As a resuvli, it would be the
respensibility of the suit contzactor to insurxe each
of the dimensioned itcems fit within each rvarticular
pocket. Likewise, with the pocket internal
envelope dimersicons listed on the iCD, it woald be
the NASA responsibility that the items placed in
that pocket would properly fit.

Additic:ally, the itoms jillustrated on Shect
2 of this ICD could have all been deleted and discussod
in words by adding notes to the drawing. It
should be notcd that all the additional information
contained in this ICD and others like it was not
added by the suit contractor to obtain additional
profits since all ICD ~2fforts by the suit contractor
were accomplished under a "level of effort program®.
All of the details added to Sheet 2 and all chlanges
itemized in Revision "A" wecre directed by four
separate contract change authorizations.

84—

Cm e -e - e ae e e v <




F

(33

Bhag2-7296729-11 -
fcet lonyg)

{one roll sizod sheei, seven

This ICD illustrotes the interface between the
Buddy secondary life support systen (BSLSS)
and the Apollo PCA. In this ICD, detailed
illustraticns of the suiied crewmen, location of the
BSLSS stowage bag on the PLSS and detailed dimonsions
of che NASA GFL BSLSS hocks was unnecessary. In
addition, the views of the suit or PGA multiple water
connector and alignment marks was alrxeady illustrated
on another Apollo ICD, HDA02-713904-13 which was

in effect at that time.

These two ICD's rezpresent typical suit related ICD's
o YpP

which contain unnecessary information.

Expericnce has shown

that unnecessary information was added to ICD's for several

reasons,

a.

two of which include:

The use of the ICD by the contractor as a technical
document to freeze the dimensions, mounting
location and other information in order to expedite
the design of the flight hardviare before a formel
PDR or CDR.
and contractor approval by rushing through an ICD

The object was to obtain ecarly NASA

change. After approval, the ICD was used as

leveracge for a program cost
or location hardware changcs
It was accepted procedure to
sides of an interface on the

aven when no dimensions were

increase if dimensional
were later required.
alwvays document both
ICD.
contained in the

This occurrcd

illustration. An exception to this occurred on
several North American Rockwell ICD's which contained
only the associate contractor's interface dimensions.
In this system, only ncecessary intexface information
such as the envelope dimensions or functional

The interfacing stowage
bag was not illustrated. the
responcibility for the method of softgnods stowage

(foam and duffle bags) was accepted by North American.

requirements were noted.
In these cases,

R LTI L P PRI W TR S



v

(W3

Another difficulty experienced with the interface

documentation usaed on past pregrams was the handling of large

general.,
P a.
b.

P R

rcdenny

% GUTDELINES

! . . » . . :
: roll sized drawings as well as all interface drawings 1.

Some of these problems included:

ICD copying delays due to the size of the drawing.
Repreducible copies of all suit related ICD's
were kept cn file. This required special storage
facilities to prevent drawing daémage.
Reproducible conies ‘'of suit contractor prepared
ICD's were transmitted tc asscciate contractors
for their files. This reguired the prenaration of
special mylar reproducible drawings.

The mailing of drawing originals to associate
contractors for signature required the use of
special cardboard draing tubes to protect the
drawing during mailing. Mailing by registered
mail and special delivery was freguerntly donc vo
preclude loss.

FOR 7UTURE PROGRAM:

1.

~ P

§ g -

———
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It is recommended that all suit interfaces on future
programs be documented in a single ICD which is
orepared on standard 8 1/2 X 11 inch specification
paper. This ICD document would be similar to a
suit systems level interfac~ specification and
include all suit and other suit related equipment
(SEVA, Maintenance Kit, LCG, FCS, etc.). This
documznt would include all the suit contractox
interfaces to all assccia contractors and NASA,
and would only illustrate and describe the suit side
of the interface. An approval sheet which would

be part of the ICD would be signed by all.affected
associate contractors and NASA and uscd as the
contractural document defining the suit. Changes

to the ICD could be initiated by NASA or a contractor
with an IRN similar to the current procedures.

A =similar systems level ICD was preparcd by Boeing

Aircraft for the Lunar Roving Vehicle (LRV) during
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Apollo program. The LRV was a complex piecc of
- hardwarce with numerous interfaces. A similarx

document for the sujt interfaces is possible end

e

should work for future programs.

2. As noted in item 1, the ICD should be prepared
on 8 1/2 X 11 inch paper to reduce expenses in

] mailinc, reproduction and storage and permit the

; convenience of carrying the docuwient within a

. standard briefcase.,

‘ " COST CONSIDERATIONS:

By implementing the recommended guidelines, it is

! estimated that the manpower required to support future suit
ICD programs can be reduced tc a one (1) man "level of effort
‘ support" for the duration of the program. This represents

' a savings of approximately two men that were utilized during
the early phases of the Apollo program and onec man that

was later used at the start of the Skylab program. Additicnal
support would be available from the systems svpzcification

or systems test endineers during periods of excessive
activity or whon interface travel is required to mora than
onc associate contractor or NASA at the seme time. The

' cost savings resulting from the decrease in drafting cfifort,
! mailing, reproduction and storage changes could not be

d estimated but would definitely provide a savings in cost

and schedule time.
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4.2 TITLW:

Contract Lnd Item (CEI) Specificaticns optimization.

SONCTIVE

e

Dectermine improvenents which can be made to Contract
End Item specifications and associcted maintenance systems for
future spacc cuit programe which will provice the most efificiont
and least costly metbod of control.
RPPROACH:

The CEI Specifications used ©on the Apollo, Skyleb and

ASTP suit program. have been stuciad. These speciflcations
have becn examined. to determine which requireaents or information
can be deleted. Those specification items which experienced
frequent change activity resulting in excessive maintenance
tim2 and cxpcnse were identified as prime candidates for possible
deletioc.a or change. .

An estimate of the manpower saved by implementing the
proposed deletions or revisions in futurc suit specifications
is provided.
GROUND RULES USED FOR STUDY:

1. The CEI specifications _sed for tho period 1970

through 1973 was used as the study bascline. In
some cases, carlier periods of activity were used
to support this study.
2. Any new space suit prograws will require new contract
end item specifications.
INTRODUCTION :
Duri:g past space suit programs, the Contract End

Item (CEI) specifications werce prepared in accordance with the
NASA "Apollo Conifiguration Management Manual," NeC 500-1. All
requircments for the format, contents and change procedures
were imposed on the suit contractor by thie manual and little
flexibility was permitted.

This study considered several problems experienced
during the Apollo, Skylab and ASTP suit programs in the preparation
and maintenance of these rigidly controlled specifications,
recommendations for improvement during futurc space suit

programns is provided.
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PROBT.EM:

Frequent chanves to suit gpecificalion weilghis and
Interface Control Documents (ICD) resulicd in numcerous CEIX
spcecification changes. o
BACKGROUND:

Frequent changes to the pressurc garncent assembly and
separablec component specification weights have occurred
because: '

a. Changes in mission and systom design requirements

nunerous weigiht changes. An example included the
Apollo suit design change from a four hcour lunar EBVA
missicn to an eight hour LVA mission. )
b. Numercus crew optional items uccd on the suit
were continuelly being reviscd or added to the basic
suit configuratidn. Exemples of crew cptional
items included special comfcit pads, comfort gloves,
valsalva device, wristlets, quantity of pockets
and many others.
Each weight change resulting from the addition of a
crew optional item or design requiremen®: resulted in a
corresponding CEI specification weight change. In somc cases,
the weight changed by as little as a tenth of a pound.
It should be noted that the contrcol of weights during
the Apollo, Skylab and ASTP suit programs did not include a
profit inccntative plan for the suit contractor. As a result,
the suit contractcr in most cases did not add safety factors
to actual component weights when establishii., the suit system
specification Qeight. As a result, the maximum actval weight
of the largest suit and the maximum specification weight were
generally within one half a pound. This provided approxim.tely
a 1% safety factor on the specification weight.
A new metlind of weight conirol was instituted through
ILC by NASA in 1972 in an effort to reduce this specification
change activity. This system was initiated by increcasing the
specification maximum weight requirement to one half » pound (1%)
greater than the agreed upon maximum spccification value.
Contract changes were made resulting in minor weight increases

/
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to the system (0.1 or less pounds) were vecorded and kept or
file until the excess one half pound in the gpocification was
exceeded. At this time, authorization wis roeguested and
approved to increase the specification value an additional
one half pound. This system reduced the number of weight
change SCN's to the specifications significantly.

In accordance with NPC 500-1, "Apollo, Configuratior
Management Manual", dated February 1267, Exhibit IT, "In'.crface
Reqguirements" states Pnragraph .3.2.1 of the CEI specification
shall: ". . . specify, eilher dircctly or by reference,
requirements impoced on the design of the CEI becauvce of
its functional, physical and procedural relationshipe to
other equipment/facilities". BAs a result of this reguirement,
all Interface Control Documents (ICD's) pertaining to the ond
item were tabulated or "referenced" within each CEI specificetion.
Since these were tabulated by noting the approval date and the
latest ICD rxevigion letter, each time an ICD document changed
(by IRN or revision lectiter) corrxespridcing change to the CEI
Specification (SCN) was necessary. This required either the
initiation of an Engincering Change Proposal and the eventual
receipt of a Contract Change authorization since the CEI
specification was a Type I Docuwent requiring formal NASA
approval or thesc changes were combined with other formal
ECP's during thc Skylab Program. This combining of changes
reduced the paperwork somewhat during the Program.

GUIDELINES FOR FUTURE PROGRAMS:
l. Two percent increase above the agreed upon maximum

specification weight value should Le permitted in
the system specification. This will decrcase
drastically thc excessive specification change
activity caused by individual weight changes.

2. The requirement to conform to Paragraph 3.2.1
"Interface Requirement" in Exhibit 1I to NPC 500-1
should be deleted since the ICD's are signed by
the contractor during approval. if this is not
possible, it is recommended that as a minimum,
the revision lctter and approval dates not be
itemized. ;
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PROM) Lif :

During the Apollo, Skylab and ASTT suit programs,
specificaticns were prepaved for each end item (prime
equipment). This resulted in the constant repeating of
"boiler plate" type information.

BACKGKCUND

"Beilew plate" information was contained in each
CEI specification in accordauace with the parcr raphs of Exhibit IT
‘of NASA Document NPC 500-1. Sections such as natural
environments (ground environments) induned enviroaments (flight)
materials, parts and processes selcction, standard and commercial
parts, safety provisions and many other paragraphs consucituted
"boiler plate" information.

"Boiler plate" information represents approximately
60% of a typical CEI specification where the specifications
ranged from 19 to 70 pages in length (excluding tables and
figures) depending on the complexity of the end item.

Separatc CEYI specifications were prepared for each
individual end item and each was prepared in accerdance with
NPC 500-1. Due to this regquirement, items such as the LCG
water connector adapter assembly required a sceparatce CEI
specificatior. As a result, a total of 12 CEI Specificaticns
were prepared for the Apollo program, seven for Skylab and two
for ASTP.

Due to numerous specifications and the use of the seme
boiler plate informatic+ .n cach, changes effccting one
document in some cases vequired -hanges to others. An example
of this repeatability of one change throughout all the CEIX

Specificatinons were the changes to the tabulation of applicability

end compliance to MSCi4 8080 design standard requ rements which
required changes in ail the specifications sevouval times during
the progran.

To compound this problem further, each individual
contract end item required a semnaratc Ernyineering Changce
Proposal (ECP) even if the sawe change effected scveral
different CEI's. As a result, the MSCH 8080 boiler plate

-91-
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specification changes reguired a s-oarare ECP be transmitted
to NASA for approval for each CEI cnangoed.

Therefore, these so called "no ¢ si" changocs actunlly
resulted in extensive “level of effort" manhwurs to complete
some extrcmely simple changes. Besides rej uiring additional
manpower to type and process the original specifications
manpower was also required to review cach ceparcte ch:nge,
submit engincering chan,c proposals (ECP's) to NASA, process
.SCN s and support the Contractor's Configuration “ontrol

&

Board (CCB).

The flow diagrams in Yigures 4-2-1 and 4-2-2 illustrat.:
the various activities within ILC that wcre involved in the
approval route for ithe CEI Specifications. It can he scen that
even ¢ small reduction in the number of specification chang
or in the number of specifications produced during the program
can have a significant effect on the nanhours of support
manpower reqguired during a program
GUIDELINES 7OR _FUTURF PKOGRAMS

In order to reduce the manpower required to support the

initial preparation and mainitenance of CEL specificatious, it
is recommended that one CET specification be prepared Lo
describe all tue space suit end item 1equiremcnts. This would
reduce the manpower required to support both the initial
preparation and the later maintenance of the documentation.

It should be noted that this recommendation is in violation

of NASA Document NPC 500~1. If the implementation of this
change on fiture space suit programs is desired, the applicablo
requirements »f NASA Document NPC 500-1 should not be imposcd

on future suit contractors.
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PROBLEM:.

The configuration management progrim required a CEI
specification approval system which created delays in
incorporating equipment desig; changes.,

BACKGROUND:

During the 2pollo program and part of the Skylab
program, specification change notices (SCN) were prepared
to document a CEI specification change in accordance with
NPC 500-1. Per NPC 500-1, all SCN's require submittal to

.the procuring agency prior to their distribution at the
contractor's depot. (Ref. Para. 6.1, Exhibit VII of NPC 500-1.)
This approval system resulted in many changes (SCN) reguiring
an approval time of up to six months. This was due to the
extended time for the preparation and submittal of the
necessary engineering charge proposal (ECP) by ILC and the
complexity of the NASA approval system.

An additional problem also resulted from'the requirements
of the SCN approval system. This occurred when several
different SCN's were submitted to NASA and each affected
the same paragraph of the same specification. Examples of
this occurred in chanc¢:s made to the interface control
document listing, weights, field optional item list,
standards of manufacturing (process specs table) and others.
Each SCN was documented on a separate engineering change
proposal (ECP) since different design changes were issued
on separate contract change authorizations (CCA's).

In accordance with Paragraph 6.1.1.5 of Exhibit VII
to NPC 500-1, each SCN was required to state the original
specification paragraph being changed ("changed from") and
the recommended new replacement paragraph ("changed fo").

As a result, when several SCN's were prepared against the
same specification paragraph due to different CCA's, each
SCN referred to the same latest approved specification
paragraph. Therefore, once one ECP and SCN was approved by
NASA, the remaining ECP's and SCN's would be rejected since
these SCN's no longer stated the latest "changed from"
paragraph of the specification.. This occurred because

-
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approval of the first SCN revised the wording oif the
affected paragraph.

In an cffort to rosolve this paperwork problem, ILC
revised the Skylab/Avcllo codfiguration management plan,
881270043D. Exhibit 1202, Paragraph V-A and F of the
plan, contains the following SCN approval system agreed
upon by ILC Dover and NASA/JSC:

“"For expediency in implementation, the NASA Resident
Engineer, based on t .econ concurrence with the NASA/JSC

. Technical Monitor (or his designee), will approve the SCN,
by signature, prior to ECP submittal/approval. In these
instances, the SCN will be officially releascd and implemented.
Subsequent changes, related to ECP approval will be implemented
by an additional SCN which will be made part of the original
ECP packaée."

"SCW's which do not reflectisignatory approval at
time of ECP submittal will not be implemented until the
ECP is approved. When this occurs, CMO will be responsible
for obtaining NASA Resident Engineer approval prior to
release and implementation of the SCN."

When the SCN was approved in accordance with this
system, it permitted any subsequent SCN's changing the same
paragraph to reflect the new "changed from" paragraph. This

‘occurred since the normal approval time was approximately
one to five days. Once this approval was received, the
approved SCN was then submitted to the ECP eliminating the
problems experienced in the past. It should be noted that
this sytem did contain one drawback, the risk of ECP
disapproval by NASA/JSC. Recognizing this remote possibility,
& procedure was incorporated in ILC Document 881270043D,
Exhibit 1202F stating the following:

"In the event an SCN is subsequently disapproved/
modified, after NASA Resident Engineer approval and offical
release, the applicable CCBD will be revised to identy
action required."

"SCN's will never be revised. Subsequent changes
incorporating modifications or retracting a previous SCN
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(in total) will require a new SCN. In cases of total
retracting, the previously superseded pages will be re-activated
with the latest SCN numbsar added and the Release datc changed.
The change log will be updated to reflect the latest SCN

and other required data."

In actuality, less than 1% of the SCN approval and

preparation time was used to prepara new SCN's due to

customer disapproval of the ECP.
‘GUIDELINES FOR FUTURE PROGRAMS:

It is recommended that a specification change notice
(SCN) system similar to that discussed in ILC Document
881270043D be utilized on future space suit programs.
This procedure should be used in lieu of the recommended
NASA procedure discussed in NPC 500-1. Utilization of
this new procedure will result in a signification cost savings
in manpower for the preparation, review and copying time
involved in rewriting SCN's. In addition, a definite
schedule savings will also result since the submittal and
approval time for engincering change proposals could extend
to six months.
CEI SPECIFICATION COST CONSIDERATIONS:

By implementing the guidelines discussed and assuming
a similar rate of change activity as in past programs,
it is estimated that the manpower required to support future
suit specification maintenance activities can be performed
by one (1) man for the duration of a program. This represents
a savings of one man over the level required to perform
this function during most of the Apollo and Skylab programs.
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4.3 TITLE:
Field Operating Procedures
OBJECTIVE:

To review the systems and philosophy used during
Contract NAS 9-6100 for preparation and maintenance of Field
Operating Procedures. To identify guidelines that might
be employed on future space suit programs that would
effectively reduce costs for preparing and maintaining Field
Operating Procedures.
APPROACH:

Fiel¢ Operating Procedures were analyzed in terms of
contract requirements, format, methods of change, ease of
use and effectiveness. Level of detail of these documents
was compared to the depot Table of Operations (TO's) to -
determine if cross-utilization could be ‘implemented. Emphasis
was placed on identifying areas within the Operational
Procedures that could be modified to effect cost savings.
Future program guidelines are recommended in areas of potential
cost savings. Potential savings are presented by comparison
of level of effort required on NiS 9-6100 and projected

level of effort for future programs employing the recommended
guidelines.

INTRODUCTION:

Field operational documents as referred to in this
study consisted of the following documents:

Maintenance Manual (No. 8819700712)

Illustrated Parts Breakdown (No. 8819700713)

At the initiation of this study, the Chamber
Pre-installation Acceptance Test Procedure and the Flight >
Pre~-installation Test Procedure were to be included in the
analysis of field operational procedures. However, a
preliminary survey identified very few cost related problems
with them. These documents were revised prior to the Skylab
program to incorporate a test sequence that had evolved
through several years of successful use. Personnel using
these documents expressed overall satisfaction with the
format and adequacy. On the basis of the results of this
preliminary survey, these two documents were deleted
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from the study.
The Maintcnance Manual (MM) is a two vclume (1,013

pages) tcchnical publication contzining descriptions of

space suit equipment and systems with instructions for
effectivz use inclding operational instructions, maintenance
and overhaul instructions, assembly parts lists with supporting
illustrations and modl:ication instructions.

The illustrated Parts Breakdown (IPB) is a single
volume, 309 pages, parts list which supplements the‘
Maintenance Manual and is used primarily for spare parts
definition.

The MM and IPB resulting from Contract NAS 9-6100
evolved from four years of continued support activity which
included many.reviews and modifications to the format and
the required level of detail. Having a complote, current
and understandable document is necessary for performance of

quality CEI maintenance in the field. A survey of users

indicated general satisfaction with the document in meeting

its intended obiective. These technical publications were

of athigh standard and as such were expensive to prepare and
maintain in relation to other space suit operational

documents. These documents required an average of two
engineers, a technician and part time use of an illustrator

to maintain throughout most of the program. Labor costs
associated with this activity were charged on a level-of-effort
basis, that is, the required personnel were maintained
throughout the program to support any tasks associated with
maintenance of technical publications and their time was

not charged to contract changes.

PROBLEM ¢
The Maintenance Manual and IPB were expensive to

prepare and maintain throughout the space suit program.

BACKGROUND :
The Maintenance Manual was required to be an all
encompassing document and contain a very high level of

technical detail. The text is concise, comprehensive, and
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so worded as to be understandable to a high school or service
school graduate with knowlecdge of the applicable gencral
theory and technical terms used in the space suit ficld and
with some practical experience. Illustrations consisting of
art work such as graphs, photographs, charts, diagrams, and
drawings are used to support the text. The illustrations
used in the manual required more detail than normally found
on drawings. While drawings are ususlly of a full front
view, many of the illustrations required a three quarter
profile which are not readily transierrable from drawings.
At the completion of the contract, the MM and IPB contained
a total of 185 illustrations. An average illustration
required 30 hours of time to prepare.

Technical descriptions and illustrated details
concerning all current Class I and Class II configurations
had to be maintained. All space suit models that were in
current use had to be included. At one time during the
program, this included the A7LB Apollo, A7LB Skylab,

Command Modul: Pilot: (CMP) and the Apollo~Soyuz Test Project
(ASTP) space suits. Since the Maintenance Manual is the

only technical publication in use by ifield personnel, it
serves as a "catch all" for all non-testing technical
directions. Field Operations Bulletins, System Safety
Notices and Standard Repair Procadures had to be incoxrporated
into the document as part of routine maintenance.

References to other existing operational procedures
were not permitted. Notes and warnings had to be repeated
throughout the document instead of including them in the
general section and referring to them when applicable.

If design changes affected one section of an illustration

and did not obsolete the current configuration, it required
the complete redrawing of the illustration, rather than
showing both approved configurations on the same illustration.
Cleaning instructions were contained throughout the manual.
Although complete and current procedures existed in other
Class I documentation, reference to these procedures were

not permitted.
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Separate and different operating instructions were
usced by the depot and {ield even though they performed many
similar activities. Depot TO's are detailed step-by-step
manufacturing instructions describing fabrication of an end
item. They contain all the sequences, spcecifications,
inspection points and material identifications that are
required to fabricate a suit. The instructions are tailored
to the use of all new materials and all assembly work
starts from zero flow. Disassembly instructions are not
¢ontained in TO's. Production operators normally do not have
to contend with the difficulty associated with working on a
total space suit assembly. TO's were not prepared in
Maintenance Manual format because the sequence of work was
not compatible with maintenance activities. When CEI
modifications were performed at the depot, rework iistructions,
prepared in the TO format, were used in lieu of the Maintenance
Manual. Additionally, the pressures of the manufacturing
schedules never permitted sufficient time to insure that
TO's were written in a format useable for both depot and
field activities. Less time was required to address the
rework instructions to the conditions that prevailed for the
particular job in-flow. Although the Maintenance Manual
was useable at the depot in some instances, complete utilization
was never considered because of the following reasons:

A. Depot rework nearly always involved work on
structural members of the space suit. The
Maintenance Manual did not address itself to the
rework of structural seams since it was not an
authorized field maintenance zctivity.

B, Since most of the instructions needed to perform
rework were already contained in existing TO's,
it was more expeditious and economical to change
a TO to fit the particular rework problem than
attempt to update existing Maintenance Manual
instructions.

CEI design changes were excessive during certain

periods of the space suit program This caused a high
turnover on Maintenace Manual changes. During 1971 and
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1972, a total of 80 changes were processed to the Maintenancco
Manual and IPB. These changes requlired modification of
2,378 text pages and 173 illustrations. Bascd on established
standards, processing of these changcs required over 12,000
man hours.
The level-of-~effort method of maintaining the
Maintenance Manual and IPB created a situation whexreby
change direction to the Maintenance Manual was directed
yith little regard for associated costs. The Custonmer
insisted on maintaining the initially established standards,
even though the experience level of field technicians had
increased. This required long-term extencion of required
support personnel.
GUIDELINES FOR FUTURE PROGRAMS:
1. Future CEI designs should place more emphasis
on field maintainability. Future programs should
authorize all levels of modification, maintenance
and repair by field personnel and incorporate
appropriate instructions in the Maintenance Manual.
This guideline will probably increase the initial
preparation cost of maintenance publications,
but will result in considerably less program
costs when compared to the cost of returning CEI's
to the depot for modification. Major CEI overhaul
snould continue to be performed at the depot
in order to keep logistics and tooling costs to

a minimam,

2. Table of Operations (TO's) should he utilized as
the assembly instructions in the Maintenance
Manual whenever practical. 1Initial preparation
of TO's should consider subsequent field use as

a major objective. A section describing disassembly

procedures could be provided to supplement TO
assembly instructions.

3. Use of references should be permitted within the
Maintenance Manual when practical. Documentation
which is developed and maintained specifically to
perform other related activities should be
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referenced in lieu of incorporating

the actual verbage in the Maintenance Manual.
Notes, cautions, etc. should be contained in a
general section of the document, and only
repeated in the body when absolutely necessary.
When simple design differences exist between
assemblies or sub-assemblies, al’ow the use of
one illustration to depict both authorized
configurations. .

4. The requirement to perform a Customecr review in
20 working days shc 11d be enforced and when not
complied with, allow the contractor to
release the change without further delay.

Delays of change release create a pyramid effect
and causes expensive Lacklogs and delays on
maintaining a current «ocument.

5. Maintenance Manual change activity should be
handled on a CCA instead of a level-of-effort
basis. This will insure proper forethought
before requesting changes that are not absolutely
necessary. This would eliminate a high percentage
of changes caused by perscnal desires when
techniques or manner of presentation is the only
thing in question.

COSTING:

Preparation and maintenance of Technical Publications
was performed on a level-of-effort basis during Contract
NAS 9 -6100. As many as seven people were utilized full-time
on this effort during certain phases of the program. Initial
preparation costs were high since very little technical
information was available for use as groundwcrk. A large

- part of the initial art work was performed by outside

contracts since the Company capabilities in this area were
limited. As the program matured, additional capability was
developed in-house and the writers became more familiar with
the suit design and associated manufacturing techniques.

When the A7LB model space suit was introduced, the publications

=103~

\¥2 N
.

'
P .




SR A g ke s paa Y

e i o A AT TR

-_

- L

group had stabilized to a level of two engineers, one
technical writer and one illustrator. fThis level was
maintained until early 1972 when the illustrator was phascd
out. Cost data compiled from July 1971 through the end of

the contract (Septembexr 1973) reveals that a total of 85 man
months was expended on technical puhlication support. This
equates to slightly over 3.1 men per month. During this
period, three major changes were processed which incorporated
the CMP, Skylab, and ASTP configured suits. The change for
the ASTP required approximately 165 new ext pages and
modification to 323 other pages. Thirty-seven new illustrations
were required. On the basis of established standards,
preparation of this change required approximately 3,400

man hours or over 90% of the total time spent on technical
publications during the ASTP period. It is apparent that

the bulk of support was used in incorporating text and
illustrations for new models. On a progran that is relatively
stable in terms of design changes, most of the support cost
would be eliminated; Incorporation of cost savings guidelines
recommended herein would result in further cost rcductions.

It is probable that one full-time person with part-time
support of an illustrator could have maintained the

required technical publications after establishment of the
qualification baseline. This would have resulted in a

savings of 17 to 20 man months per year during the operational
phases of the program.
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Fo 4.4 TITLE:

‘ Engineering Organization and Manpower Summary
~ E
OBJLCTTVE:

) Evaluate the engineering orgwuaization that existed
during the A7LB and ASTP space suit programs. Recommend

| changes that would result in reduced overall costs while
still providing an efficient and effective enginecring

[ operation.

t APPROACH: _

[' ’ The ILC functional engineering organization in effect

during the A7LB and ASTP space suit programs is used as a

3

comparative baseline. Areas that contributed to excessive
engineering costs are identified. These areas are reviewed

toidentify reasons for excessive costs and recommendations

g

.

are made on means of reducing associated costs. These are
presented in the form of future program guidelines relative
to each proklem area. Cost savings are reflected in a
proposed organization chart that is coupared to a factored
- A7LB organization chart.

L GROUND RULES USED FOR STUDY:

! ~ 1

1. The engineering organization for the period 1970
through 1973 was used as the study baseline.
In some cases, activities of earlier periods
were used to sﬁpport trade-c.fs. Emphasis was
placed on reducing the level of required engineers.

X The effects on supporting personnel (draftsmen,
- technicians, etc.) was assumed to be proportional
’. (See Figure 4.4.1). |
. 2. The proposed engineering organization was manloaded

to support the program schedule presented in

section 3.4 of this report (See Figure 4.4.2).
INTRODUCTION :

[R—

—

In an aerospace program, engineering organizational
structure and responsibilities are principally the responsibility
}J of the contractor. Very few specific operational requirements
(, concerning engineering are imposed on the Contractor. Exceptions
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are requirecments to provide drawings and design reguircements
imposed during the development and gualificaton phase: of
the program. In most cases, the Project Manager has
sufficient flexibility to allow him to cryanire in the manner
he feels will get the job done best, Direction from the
Customer is nearly always in the form of recommendations,

In this report, several problers chat were considered
to be causes of excess costs have been identified. The
nature and causes of the identified problems are varied.

Some verc a result oi contrast directicn and some because the
dynamics of the program didn't allow time to develop more
efficient systems. In each case, guidelines are given as

a means of eliminating or reducing these costs. In most
cases, the savings arc identified in terms of reduced

man hours. However, the amount of savings realized on a
future program would be primarily a function of how the
Project Manager elects toc organize his engineering depactment.
If he elects to use engineering prim~rjily az problem solvers
once decvelopment is complete, costs will be lower. However,
if he fecls the need for a large engineering force after
development is complete, costs will be higher, On 1y new
program, a manpower trade-off study based on management '
objectives must be performed after the development phase to
determine the level of engincering required. In this

report, an engineering organization is proposed that will be
based on implementation of all or most of the included
guidelines. The manpower level of this organization is

then compared to the level of the engineering organization
that existed at ILC during the period 1970 to 1973. The

man loading of the 1970-1973 organization was based on an
average 1/5 production rate. Manloading differences between
the proposed organization and the 1/20th frctored organization

are a measure of the savings assotiated with the recommendations

of this report. See Figure 4.4.3.
BACKGROUND OF A7LB ENGINEERING ORGANIZATION:

The Apollo, Skylaband ASTP Engineering Organization
reported directly to the Program Manager. The enginecering

-106~

A 2



Lo i sesiatel WU NGA B

.

organization operated as a "line" “Zunction throughout the
total program and was involved in nearlv every aspect of

th~ program. It was managed by a chicf engineer who reported
P directly to the Program Managdér., He had total responsibility
' for the Apollo enginecring group and functional responsibility

for all other engineering personnel supporting the Apollo
group.

-

The organizotion consisted of personnel assigned

|
. o———

directly to the Apollo group supplementad by engineers or

5 _support personnel from other company non-Apollo group.:.

]

The organization primarily consist*ed of four engineering

-
K4

disciplines; design, project, systems and documentation.

Project enginecring responsibility was sub-divided

into major CEI's or groups of CEI's that were associated.in
some respect. As un example, one project engineer was

assigned responsibilitv for the Integratcd Thermal Meteoroid
- Garment, Extravehicular Visor Assembly and EV gloves.
Each of thes: CEI's are associated through emphasis on its

o e

thermal requirements. Additional junior project engineers
were then assigned to the lead engineers. Since every

porme o

Contract End Item (CEI) was assigned as the responsibility

-

: of a project engine2r, all major decisions effecting CEI's
were made by the project engineer or by a group in which the

! project engineer was a prime contributor. Soune typical

: S ' responsibilities of a project engineer were: CEI coordination,

; ‘ flight support, engineering change activity, requirements

definition and failure analysis support.

o Design engineers were assigned to project engineexs

o in accordance with their respective expertisc. Historically,

; ‘ these were people that had gained their space suit knowledge

S through long experience and were. involved with the CEI

from the concept stage through production. Typical

\ responsibilitics of a design engineer were: CEI design and

development, production and retrofit problem support,

manufacturing instructions, tooling design, fitcheck support,

engineering drawings, engineering change activity, and testing.

o~
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The systcem enagineering group was primarily rezponsible
for all activities *hat dealt with the total spacesuit cystem.
It included all manned testing, final CEl acceptance testing,
fitchecks, qualification testing, interface coordination and
system level documentation.

The documentation group was responsible for the majority
of all non-system level documentation generated in the
engineering group. This included engineering change orders,

process and procurement specifications, drafting, field

operational documents and modification instructions.

A small material engincering group reported directly
to the chief engineer because support from this group was
usually required by all sub-groups within the organization.
Some typical responsibilities of this group included:
materials selection, evaluation and testing, generation of
material spccifications, and production trouble-shooting.

The remzining organizations consisted of an engineering
planner who performed scheduling, costing and activity
coordination, and a test enginecr whose prime responsibility
was coordinating and directing space suit test activities in
the test labs.

PROBLEM:

Throughout the ILC space suit program, several
support functions which were primarily performing production
tasks were assigned to the engineering organization. Costs
associated with these non-engineering tasks were charged to
the engineering department.

BACKGROUND:
The functions included glove modelmaking, pattern

making and test technicians.

. The glove model maker's major responsibility relative
to the suit program was development of molds used for the
manufacture of custom gloves. This task consisted of
making a master mold from the astronaut hand cast and using
it to make the custom manufacturing mold. Time standards
were developed early in the program and were fairly
consistent regardless of the size of the hand. With the
exception of a few design improvements, the techniques used

=108~

[N R

o Kt e CMIRING  h < 3 Wb

B, s



R P R

. T treny - . .
F it '
N

oo Ao ¢ o ot ek van e <o < oo -

. ——

. e—— e [ SIS

L3

by the glove modelmakers were relatively unchanged throushout
the program Following development of the molding Lechniacues,
which occurred very early in the program, this was

primarily a manufaclurine support function and should have
been assigned organizationally to that department.

The pattern making function was very similar to the
glove modelmaking function in terms of encincering versus
manufacturing support. During th~ devclopment phase of a
program, the pattern maker develops the patterns necessary
for the intended design. TFrom that point on, his major
responsibility is developing custom and sizcd patterns to
meet production requircments for assigned astronauts. Again
this was primarily a manufacturing support function and
should have been assigned organizationally to that department.

Test technicians perform a large veriety of functions
in support of a suit program. An attempt to make a realistic

estimate of technician's work load associated with enginecring

‘and that associated with manufacturing would be impractical,

since it varied accordinyg to the dynamics of the program.
However, several functions performed by the technician
group could readily be idantificd as production-associated.
These tasks included daily testing of adhesive samples,
weekly testing of material properties, fitcheck support
and cquipment calibration and recpair. These were routines
that were relatively standard in terms of time and varied
primarily as a function of the production rate. Because
of the structure of the organization, these functions were
the responsibility of engincering and in many cases couts
associated with these functions were charged to engincering.
This was especially true when idle time occurred or when the
nature of the particular job was difficult to identify. A
prime example occurred during the trouble-shooting of a
manufacturing problem when detailed direction of the technician
was usually provided by an engineer. This time was normally
charged to engincering rather than manufacturing.

With the possible exception of improved communication
and coordination, reassignment of functions identified
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hercin would probably not result in a new progrom saving: .
However, from the standpoint of cost management, proper
assignment would result in a more realistic distribution of

program costs, and in this situation would have resulted

in a smaller share of total cost being identificed as “engincering

costs".
GUIDELINES FOR FUTURE PROGRAMS:
Personnel supporting the manufacturing process

shonld be assigned oxrganizationally to the manufacturing
department or the manufacturing department should be
responsible for the financial management of tasks supporting
their effort.

PROBLEM:

Changing mission requirements caused continuous
gqualificaticn activity which in turn dictated a high level
of continuous engineering support.

BACKGROUND ;

In a period extending from February 1968 through

February 1972, active cycle qualification testing was in
progress for 29 months or approximately 70% of the 49

month period (see Table 1). Approximatcly 72% of the test
time was utilized in testing to mect new or redefined mission
requirements. The remaining time was spent in qualifying
for a combination of ecguipment failures and design changes
such as adding arm bearings and large wrist disconnects.
Fifteen months were expended on the A7LB suit while the
remaining time was spent on the A7L suit. The elapsed times
noted on Table 4.4.6 reflects active test time and does not
include additonal timec spent in preparation of test plans,
procedures and final reports. For all practical purposes,
it can be stated that gualification teést activity was in
progress throughout the total period.

Since this task deals only with the engineering
organization, no attempt will be made herein to develop a
total cost of the gualification activity pcrformed during the
A7L/ATLB suit program. The objective of this section is to
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identify engincering costs associated with qualification
testing and recomwmend nmethods of reducing these enginecring

costs. Through a rcview of program engineering charges, it

has been estimated Lhat four r n months per month of cngincering

support was required to support each month of gualification
testing regardless of what phase the program was in. This
support consisted of a combination of softgoods, hardgoods,
pattern designers and systems test engineers. This support
does nct include the design, development and DVT time
expendcd on the CEI prior to the start of testing, but does
include tiae spent in gual failure redcsigns and preparation

-0f qualification documentation such as plans, procedures,

TRR's and reports. On this basis, it is estimated that a
minimum of 196 man months of enginecring time was expended
in direct support of qualification test activity in a four
year period. If complete and correct A7L and A7LB mission
Afequirements had been available prior to the start of
testing, it can be assumed that only the Mission C and
Mission J test prdgrams wouléd havc been necessary. These
two programs requirced seven and nine months of elapsed time
respectively. On the basis of four man months/month of
engineering support and allowing a 40% increase to cover
test preparation, reports and contingencies; total time
expended for these two programs would have been

4 [ (7 + 9) + 0.4 (7 + 9) ] = 89.6 man months of effort.
The attainable savings would have been 196 - 90 or 106 man
months of engineering,

The attached man loading chart (Table 4-4-4),
reflecting engineering requirements for a future program,
show performance of a gualification program in a seven
month period. This proposed program takes advantage of
qualification by subassemblies to minimize total qualification
flow time. Again, allowing a 40% increase in time for test
preparation, final report and.contingencies, total time
would be 4 [7 X 0.4 (7) ] = 39.2 man months of effort.
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It is obvious that considerable savings can be
attained by minimizing qualification test time. In addivion
to savings of direct.qualification test support time,
similar engineering savings will be realized by the reduction
of personnel needed to perform delta DVT and component
bench tes:s.

GUIDELINES FOR FUTURE PROGRAMS:
1. Cycle requirements must be thoroughly defined

for all possible missions that might utilize the
CEI being qualified. 7If this is not possible, the
* CEI should be subjected to cycle endurance
testing to establish its useful life.
2. If failures occur during the qual testing, a

,;,}’ 4 trade-off should be performed to determine if

the item should be redesigned and retested or
AN classified as a limited life item to the extent
that cycle testing had been completed.
3. Subassembly qualification as reflected in section
3.4 should be utilized to preclude test delays
if a failure should occur. On past programs, a
failure to any part of the CEI reguired complete
termination of testing until the failure was
analyzed and corrective action defined and
implemented.
4. Overtesting should be prevented. Several examples
that occurred during the A7L/A7LB programs were:
initial safety factors were set too high, no
allowance was made for "1 g" versus 1/6g effects
on the CEI and astronaut mobility techniques
such as "young's Rocks" caused undue stresses
on the CEI and resulted in a test failure and
expensive redesign. In the latter case, redesign
could have been precluded by;aefinition of
allowable mobility ﬁechniques.
PROBLEM:

Astronaut fitchecks were performed at the depot as
part of the pre-delivery acceptance test which required a
significant amount of engineering support.
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BACKGROUND:

Because of the integrated design of the A7L and A7LD
space suits, it was neccessary that fitchecks be performed
at the depot. In order to obtain optimum fit of the CEI,

In
addition to affecting suit fit, improper cable lenygths

it was imperative that cable lengths were correct.

could cause premature failures and restrict mobility. Since
the cables wei'e beneath the Integrated Thermal Meteoroid Ccver
(ITMG) and were attached with permanent fittings, it was
necessary that correct cable lengths be established and
permanently installed prior to integration of the ITMG and
final acceptance testing.

Each fitcheck required an average of 52 manhours of
surport. by softgoods, hardgoods, systems, project and
manufacturing engineers. This support consisted of pre-fitchecks,
preparation of supporting hardware and facilities, coordination
This 52
hours did not include enginecring time required in correcting
On this basis, the 200 PGA's ‘ j
procured on NAS 9-6100 required roughly 10,400 manhours of !
engincering fitcheck support.

of supporting personnel and the actual fitcheck.

fitcheck discrepancies.

It is estimated that elimination i
of fitchecks would have resulted in the elimination of one
full-time engineer during the life of the contract. Other
savings not reflected in this report would have been realized
in the areas of technicians, quality inspcctors and program
personnel; cost of facilities and equipment to support
fitchecks; and savings associated with more efficient utilization
of astronauts' training time.
GUIDELINES FOR FUTURE PROGRAMS:

Impose a design requirement that initial fitchecks
of future space suits be accomplished at the user facility,
i.e., do not make fitcheck a requirement of PDA. To
accomplish this, a modularized suit with simplified sizing
adjustments should be considered.

Use of permanent sizing
cables, which are one of the prime reasons for depot fitchecks,

should be reduced or completely eliminated. With modularization,

' -113-
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slave sub-assemblies could be used for pre-ma.ufacturing size
selection. Ideally, the only sub-assemblies that could not
be preselected on the basis of slave units would be the
gloves., The few times that 2 suit might require return
to the depot for rework as a result of a fitcheck problem
would be far less expensive than having the astronauts
commute to the depot.
PROBLEM:

Limited resources of other engineering groups within
the company required the spacé suit group to maintain a
minimum of critical engineering skills. l
BACKGROUND:

In terms of employees, ILC is considered a small

company. Historically, its product line has been limited

to speciality items. Examples or company products other

than space suits were helmets, fabe shields, inflatable
structures and other miscellaneous personnel protective

gear. During the space suiﬁ program, an average of 80%

of ILC's business was with NASA. The pool ¢! engineering
resources outside the suit program was limited and the
company product line was such that a large non-suit engineering
staff was not required and could not be suppori.ed. Therefore,
most of the engineers employed by the Company were hired
expressly for working on the space suit program.

A space suit program requires an extensive amount of
unique engineering expertise. The high quality and reliability
requirements dictate the need for design specialists in
areas such as spftgoods, materials, hardware, human factors,
manned testing and patterning. Many of the required skills
are not taught as part of a classical engineering curriculum,
but are learned through experience,

.In large companies, necessary design engineering talent
wogld/be drawn from the company engineering department when
needed and returned to the engineering department when his
services were no longer required. In the event of problems
requiring his expertise, he could be recalled for short-term
support. Small companies such as ILC, not having the surplus

‘ ~114-
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resources available, must hire personnel to meet the
reguirenents of the individual programs. Under these
conditions, the engineer must be supp.:ted almost entirely
by the program for which thé& were hired. When contractural
committments require that the contractor be prepared to
support resolution of any design problems occurring
throughout the program, it is imperative that the company
retain as many of the "experts" as practical. This can be
costly but is the trade-off that must be made in oxder to

- insure thut the talent is available when required. The
dynamics of a space suit program, with its costly penalities
for schedule delays, usually leave no other alternatives
for a small contractor.
OPTIONS FOR FUTURE PROGRAMS:

1. NASA should supply services associated with certain

engineering specialist skills. An example of
this would be in stress analysis whereby NASA could
supply complete support in the form of analysis,
testing and specifications. This system would
probably result in increased flow time for
development and change activity but in a program
with limited change activity, it could result in
a net savings.

2. NASA could perform all failure analysis with

‘ contractor approval. Excluding engineering activity

. et caused by mission requirement changes, failure
Z; analysis is probably the most expensive design

engineering activity that occurs after qualification.

Qualified personnel must be retained in the

organization to handle all levels of failure. The

facilities and resources that exist at NASA might

allow this function to be performed by them at

considerably less expense,

Another option avaialable would be for NASA to retain

responsibility of product redesign and use the Contractor
primarily for retrofits and mod kit fabrication once

qualification is completed.
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PROBLEM:

Manufacturing engineers were not given enough
responsibility. This resulted in design engineers spending
a significant amount of time supporting production floor
problems.

BACKGROUND:

In the early days of the space suit program, very
few personnei were familiar with the design and fabrication
of the space suit. '

These were the design engineers who developed
the suit and were engrossed in design modifications as
well as preparation of all documentation required for
production. Tight program schedules resulted in the design
engineers making key technical decisions to solve manufacturing
problems. This occurred because the manufacturing engineers
were delegated the role of production supervisors until
they gained enough experience to make technical decisions.
Eventually, it became necessary to assign a design engineer
full-time to the production area.

Through the last quarter of the program, a committce
consisting of a design, manufacturing and quality engineer
was assigned to the production area to support manufacturing
activities. This system, although effective, was inefficient
and costly. However, as the program matured, the manufacturing
engineers acquired the experience and were delegated
additional responsibilities,

The design engineer was, then required only on an
"as-needed" basis. This transition was lengthy, inefficient
and expensive and was caused by not allowing adequate time
during the development phase for training oi{ personnel.
GUIDELINES FOR FUTURE PROGRAMS:

1. Manufacturing engineers should get involved during

I L/}“/ -the CEI development process to the extent of
o S -

writing detailed manufacturing instructions and
recommending techniques that will expedite flow
or reduce costs when the CEI goes into production.
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{. PROBLEM:
Activities were performed by the engineering group

Discrepant conditions and the level of criticality
must be clearly defined to preclude lost time
caused by generating unnecessary discrepancy
reports.

Manufacturing tooling requirement should be the
responsibility of manufacturing engineers.
Participation of manufacturing engineers during
the development process will reduce the number

of "one-time only" .tools made for the purpose »f
checking out design concepts.

Design engineers should serve only as a support
function to manufacturing once the production
phase has started. They should only be used on

an as-needed-basis and only when the problems

are one of a design nature.

Manufacturing engineers should be given increased
responsibility in the disposition of discrepancies.

5 . that were redundant and could have been performed as

effectively by other program groups.

I BACKGROUND ;
Engineering Liaison was a small group within the

{ engineering organization that was responsible for engineering

change orders and operational specifications.

As their

| title implies, they performed liaison functions between

{ documentation required for engineering changes.

' eangineering, drafting, CMO and the program office.

The

group was originally formed to process the engineering

During the

{ periods of extensive design change activity, it was determined
x' that project and design engineers were devoting an extensive
amount of their time to processing change documentation.
1 The majority of the workload was created by the'contracturgl
' requirements of MIL-D-1000 which necessitated total documentation

( suit,

A change to a simple piece part could affect as mény

as seven levels of drawings in addition to process, procurement

}" of assemblies, sub-assemblies and component parts of the

~
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and test specifications. As the worklcad became excessive,
backlogs occurred and changes to second level documentation
were being overlooked. Lia;§on engineers were tasked to
identify all documents effected by a change and to insure
that all changes were completely and correctly documented.
The necessity of this group was 5ustified under the circumstances
that existed during the Apollo program. However, if drawing
requirements are reduced (see Section 3.1l) on future programs,
the need for an engineering liaison group would be reduced.
The responsibilities performed by this group could then be
divided between the engineering organization and the
Configuration Management Organization (CMO). Preparation
of technical documents such as process and test specifications
would remain the responsibility of engineering while the
processing and coordinating of engineering change documentation
would be performed by the CMO group. This transfer of
responsibility is considered feasible since much of the
check-and-balance and coordinating activity performed by
the Liaison Engineering Group was redundant to activities
performed by the CMO group.

A flow process chart is presented (Figure 4.4.5) as
an example of one of the cost savings that could be realized
by transferring ECO responsibility from the engineering
liaison group to CMO. By merely transferring the functional

responsibility, the elimination of coordination and transportation

time amounts to a savings of 52 minutes per ECO. Although

52 minutes seems insignificant, when multiplied by the
average 700 ECO's that were processed per year, this amounts
to a savings of over 600 man hours per year. This same
savings would be attainable on other types of change
documentation., Additional savings not reflected on the

flow chart result by the use of less expensive personnel

to perform the same function. Other areas of duplication
that occurred between CMO and Engineering Liaison were:
control of changes to manufacturing instructions; control

of specification change noticas, participation on the change
review board, and m&intenance and control of component lists.
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. Total responsibility for these functions can easily be
transferred to a CMO group without hindering or affecting

the effoectivenass of the ergincering group.

ety
ey
B »

The size of the engincering liaison group varied
, : during the A7LB program. The group reached a level of five
g ; {' people during the Apollo and Skylab development phases.
During these periods, new docunentation was being generated

{ . on the new model suits while concurxent changes were occurring

,.~.

on existing operational models. The group was reduced to

v

. one man during the later part of the contract. It is

——y

estimated that a transfer of responsibilities to other

. groups would result in a net reduction of 40% of the manpower
} ‘5 level required during the A7LB program. That is, the five

; people required during the Apollo Program could be reduced

to three pcople, with one remaining in engineering and two
reporting to CMO. During the operational phase, the level
could be further reduced to one person in the CMO group.
GUIDELINES FOR FUTURE PROGRAMS:

f Expand the responsibility of the CMO group to perform

change activity functions which are normally performed by
i the engineering group.
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REASCN FOR . EL.PSID
QUALIFICATION ITEM QUALIFICATION DATES TIMNE ((MONTHS)
A7L PGA Mission C 1/25/68 7.0
8/29/68
Fluorel Boot Soles Quzal new material 8/1/68 1.5
: 9/19/68 -
A7L- PGA Mission C-Prime 10/15/68 0.25
10/22/68 .
A7L PGA Mission D ©11/12/68 . 1.0
12/12/68
‘A7L Luna:r Surface Mission G 2/4/69 4.5
: 1 6/12/69
Large ¥Wrist Disconnect New Requireménts 3/13/69 0.25
(Apollc 11) . 3/17/69
Arm Bearing - New Requiremen® 4/24/69 0.24
(Apollo 11) 4/29/69
Boot Bladder Flight failvre 1/9/7¢C 0.25
(Apollo 13) 1/14/70
Arm Assembly and Redefinition of 9/22/70 0.75%
EV Glove (Apollo 14) Cycle requirements 10/14/70
Redesigned Thigh Qual Failure 12/3/70 1.5
Convolute (Rpollo 14) - 1/14/71
A7LB PGA ' Mission J 9/21/70 9.0
(Apollo 15) 6/25/71
A7LB PGA New.Requirements 9/3/71 5.75
(Apollo 16 & Skylab) (Young's Rocks) 2/21/72

SL Boots and SEVA
Total Period - 49 months
Total Time in Qualification Testing =~ 32 months

Calendar Time in Qualification Testing -~ 29 months’
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5.0 QUALITY

5.1 TITLE: )

Traceability System
OBJECTIVE:

To determine if a reduction in Quality and Reliability
manpower can be realized through an evaluation of the’
Apollo/Skylaly traceability system.

APPROACH:

An evaluation of the tiaceability system has been

performed by the use of flow charts to determine if modificationrs

can be implemented to reduce paperwork and manpower without
affecting systcm capabilities. .
BACKGROUND

The traceability system was a manuwal Identification

and Data Retrieval System meeting requirements of NPC-200-~2
and is described in Flow Chart Q-

The in-house documentation center, which contained
the trace data, was also used as the central CEI file.
It was the historical filing center, maintaining copies
of all field generated TPS's and DR's, and functicned the
same as field sites in that delivered end items could be
processed in-house for rework and retrofit through TPS
and discrepancy reporting systems., This system also provided
tracking of Class II as well as Class I changes. The
Documentation Center utilized full-time traceability/
documentation clerks, documentation group leader, and a
documentation engineer. In addition, 23 inspectors, 5
technicians and several quality engineers spent a significant

amount of time related to the traceability system (approximately

10% for a CEI delivery rate of one every three days).
PROBLEM :

A significant amount of manpower was required to
maintain the traceability system. to—
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. BACKGROUND :

1.

The system developed from a standard quality
trace system and reliability data center

(Ref. NPC-250-1) to one of providing a total
historical/verification capability.

Ref. Flow Chart VI - As the flow chart indicates,

the contractor quality documentation center

received all field data and maintained central

CEI and historical files. This required several
traceability/documentation clerks to receive,
file, update and store data. The Q & R department
provided this manpower. These manpower requirements
could be reduced if the task of filing, storing
and retrieving data could be assigned to a

Central Data Department. Q & R would still be
responsible for verifying data being received

by the centrsl department.

Parts and materials were not categorized. This
required the tracking of many non-critical parts
or materials.

All parts and materials used on CEI's were
treated equally with regards to materiali trace
requirements. An evaluation of past data has
shown that approximately 25% of the items need
not have been traced past receiving inspection.
Identification of critical and non-critical items
must be completed as early as possible in ordexr
to effectively reduce all non-critical trace
data during the production phase of the contract.
However, evaluation has also revealed that even
with criticality definition, the traceability
flow (Ref. Flow Chart Q,) structure under a manual

_system can not be improved. The remaining trace

of parts/materials would still require a closed
loop system such as described in Flow Chart Q.
A 25% decrease in trace requirements will be
gignificant in respect to time required to
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transfer, log, accumulate, cvoss~post and file
data. |

An early establishment of a Critical ™arts
List would also be invaluable to quality engineering
in performing vendor surveys, especially for those
items that are long lead-times or sole source to
assure they are fully acceptable to meet long
This would
greatly reduce the. probability of production

term requirements of the contract.

downtime and schedule impact due to vendors'
failure to meet full-term contract commitments.
Several different methods of tracking traceability
data were used. This included shop orders,
proprietary inspection route sheets and fabrication
insbection route sheets.

‘ Different forms, utilized by manufacturing,
required various methods of tracing data to meet
traceability requirements. Shop orders were
used by model and machine shop personnel to
record t.ace data where the drawing was the means
of coritrol for fabrication and acceptance.
Fabrication inspection route sheets were used
by all other production axeas for acceptance and
trace, except the dip room, where fabricatiou
and acceptance ‘jas accomplished with the Proprietary
Tables of Operation (T/0).

Regardless of the method used to fabricate
and accept components, subassemblies or CEI's, a
uniform method should be established as early as
possible for meet all. trace requirements. A
reduction would be realized in filing because
three different formats would no longer be
required. Retrieval would be easier because
there would be one system index. This system
would eliminate the overlooking of a revision to
any of the forms as a result of a CCA; i.e.,

changing the drawing and not the shop order.
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Retrieval of data was time consuming because of 1

the vast amount of parts and materials being traced.
Development of a matrix for a continuing update
.capability for all parts/matevials combinations

and permutations proved to be impractical.

the situation could be alleviated by reducing
the number of items requiring traceability
beyond receiving inspection and a single
fabrication acceptance format.

It is anticipéted that sufficient quantities
of critical items will still have to be traced.
Therefore, a cost trade~off study of a manual
versus computerized system should be undertaken.

A procedure was ncver established to identify who
¢could request data.

This resulted in a ccnsiderable amount of
overtime over the years in order to retrieve ‘
data and to prepare matrices and charts for data
comparisons. Overtime was often ro2quired to
perform normal daily duties that could not be
performod as a result of requests fbi trace

data. Some requests for data by contractor and
NASA was either previously requested or of a
non-critical nature. Quality and reliability
personnel were handicapped in scheduling quality
data center work as any request for trace data

by NASA personnel was normally afforded top
priority. While advantageous to have a

contractor provide this service, it is also

costly to NASA under a manual system. A procedure
should be generated to control traceability

access in order to reduce the possible non-critical
or redundaut data requests. The requests for

data are often related to a specific problem

but various departments require different
information. 1If the requests were funneled
through one sourcc, the necessary information
could be retrieved efficiently.
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RCCOMMLNDED FUTHRE SUIT PROGRAM METTOD:

GUIDLLINLS:

Method I - manual systom, Strecamline present

traccability syctem by reducing requirements and transferring

some tasks
The

requircments, a reduction of paperwork and a faster retrieval

to a centralized data center.

advantages would be reduction in manpower

capability.

Using a centralized data ccnter for filing and storinz

trace data, quality assurance will only monitor and verify

trace data incoming to the centecr. This will require a

full-time QC represcentative in central data system or severcl

representatives having this duty as part of their overall

function.

This will result in a smaller fabrication inspection route

sheet system which will reduce the quality representative's

Class II ECO information will not be traced.

verification time as well as paper work requiring filing

and storing. Futurc programs should have a specific

procedure for how and who may request traceability data

in order to reducc manpower requirements for attaining

non-essential or redundant requests for traceability data.

The traceasbility requirements should be established.

This baselinc would include information required for such

events as to support design studies, malfunction investigations,

material review board activity, defect analysis and unsatisfactory

reports co

developed which could be satisfactorily operaticnal with a

rrective actions. A system could then be

minimum amount of changes.

RECOMMENDE

D GROUND RULES FOR MANUAL SYSTEM:

1.
2.

Must function under NPB 5300.4 documecnt.

Non-critical parts are not to be traced past

receiving inspection.
Central data center will handle all filing,

storing and retrieval of traceablity data and

will verify data.

All trace data is to be recorded by a single

system.
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Method I1 - Computecrized system - if the future

contractor has access to computerized system, this could

reduce the tracecability manpower reoguirements subctantially.
Y E q Y

The computer could be programmed to follow guideliines
identified by trace {low chart Qj.

The advantag:.c, other than a reduction in manpower
requirements, would be faster retrieval in response to any
requests for data and less control on who may use this
service. Clags II changes may still be tracked without
additional ._.anpcver requireménts. As-built configrratliors
can be compared to as-authorized configurations anywherec
in the production process.

GROUND RULES FOR COMPUTERIZED SYSTEM:

1. Compliance with NHB 5200.4.

2, Quality assurance must have effective contiols

to verify all data necessary to meet requirements.

3. The contractor muct have central data center to
handle all filing and storing of data.
4. All trace data is to be recorded by a sir :c

system of reporting.
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5.2 TASK TITLE:

Inspaction and In-Process Verification
OBJECTIVI:

Reduce amount of dlscrepancy paner, incpection
nanpover and production dewn-timo,
APPROACH:

Evaluzte prescnt system of production, inspect_on and
discrepancy zcporting to identify major problcms that resulted
in defects, production down-time, excessive inspection time
and overtime. This cvaluation will concentrate cn the
in-process fabrication and testing acceptance.

BACKGROUND =

Apollo/Skylab suit inspection system met requircments
of NPC-200-2. It was implemented to assure a product quality
consistent with the level of confidence nccessary for a
man/space rated syvstem.

The inspecticon and testing system was designed to
P g sy g

assure that end items met all pre-delivery acceptance criteria.
Quality established a very detailed inspection system. 4
Components and sub~-assemblies were inspected at every point t
where characterictics could not be verified at a later
operation. Some components and most sub-assemblies were not
tested urtil after integration of CCI. These component/
sub-assemblies had to meet strict inspection standards since
test failures affected shipping schedules, fabrication of new
asserhlies, overtime and malfunction reports.

Quality inspection was required to maintain the
production flow under this system of 100% guality inspection
verification. Inspection manpower could not pe reduced
by delegating portions of inspection to manufacturing,
because defects may not have been detected until CEI testing.
Then investigation at the CEI level for cause and corrective
action at the component/sub-assembly level would have been
difficult, or impossible and would have had greater impact
on manufacturing scheduling.

The normal ratio of inspectors to production operators

was approximately one to eight. This caused an inspector to
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have as many as soven or erght dificrent articles to inspect
at on¢ given period. This resulicd in snamifecturing down-
time awaiting the rcturn of tho article from ingpection.
Even though preduction flow v'as sct-up in an asserbly line
scgucence, many times en operator had nothing to do until

the article was returned by inspection. Approxiately

90% of all in-process inspection was of an in-line ncture.
This meant that the inspection wes accorplished while the
article was bheinyg fabricated and only 10% of inspection
occurred at article's completion. This added a considerable
amount of (additional) flow time to fakricate a complete
sub-ascenbly or component.

Articles prescnted to inspection which were of a
non-conformance nature required the initiation of a reject
tag. It took an average of one hour to write, process
and accept disposition, for each reject tag beforc an
article cculd be processed to the next fabrication step.

"n the last four years of the program, approximately

30,000 reject tags were generated. This averaged out to

one inspector writing two reject tags per day. There were

1,600 material review board actions in the last four years
which reguired an average of four hours to evaluate the

cause of problem and the corrective action to preclude the
recurrence. A large amount of the time involved guality,
design, manufacturing and government engincers to satisfactorily
process material review hoard actions.

PROBLEM:

1. Lost production and program time due to the amount
of in-line inspection.
BACKGROUNT .

A. Due to the lack of capability to adequately test
components and sub-assemblies separately, in-line inspection

became an absolute essential.. No other method would assure
that the components or sub-assemblies met all acceptance
criteria for end item use until final testing and acceptance
of completed CEI.
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This was a costly method of assurance. Delcgation
of even a small percentage of acceptance charactcristics te
manufacturing was considered uracceptable since quality
assurance was charged with the responsibiiity of fin:’
item acceptance to assure design reliability.

One way to rcduce in-line inspecticn on future
contracts, without sacrifice of confidence in the cnd iten,
is to design components and sub-assemblies for testing and
acceptance at the componcnt and sub-assembly level. This
will allow a reduclion of production down-time by decreasing
the amount of in-linc inspection required. Delegation of
various in-process inspec*ion responsibilities could then
be made to manufacturinc personnel. In order to delegate L.‘:
inspection responsibility, operator certification must be
implenented. It must be made a part of the hiring practice
that a person must be able to be certifiable. All tools

required to insvre good quality from the operator must ke

made availablc to insure that any poor quality is not the fault

of management. (Example: detailed manufacturing specs,
discrepancy fceced back to operator level,“proper equipment;
incentive and motivation.) -

Only critical inspection for component/sub-assembly
acceptance should be performed by quality pexsonnel.
All manufacturing inspection will have to be monitored on

a scheduled basis as an audit function of Quality engineerirg.

Thic will also provide a check of operator's certification
status.

Any test failures, resulting from poor quality on
an operator's part, would require an immediate re-—evaluation
of opcrator's cexrtification classification.

It must be clearly understood that under an operator
certification program, defects may occur which will affect
component acceptance testing, the same way as defects
affected final CEI testing with 100% quality inspeciton.
Schedules would still be impacted by sub-assembly or
component failures, but not to the degree of a failure
encountered on completed CEI's.,
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The system .mist be established to produce thi samn
confidence level, under delcegated inspsction on the suh-
assembly level, that existed with 1009 inspection on the
completcd CEI level., This is an absolute necessity, or
manufactocing's cercification creditability will be questioned
in evaluations of meliunction reports, single point failures,
etc. Once an (malfunction or defect) analysis seriously
questions this method of inspeciion, no amovnt of explanation
will ever remove this as a possible cause of defect or
malfunctions. A corrective écticn to implement 100%
inspaction at a component/sub-assembly level would occur
very quickly, eliminating any reduction in costs.

Production cycle time standardes allowed 12% of total
flow time for inspection during fabrication. This figure
actually amounted to approximately 35%. This system allous
a certain percentage of opurators to present items to
inspection when an inspector has scveral items to inspect
in order to create scme frec time before their item is
returned. Coupled with down-time for rejections this created
an incrcease in the preduciicn cycle.

IT. OQuantity and time requirced to process discrepancy
paperwork.

A. Sampling of discrepancy reporting paperwork

over thc length of the contract has revealed

several significant facts. ,

. 25% to 30% of discrepancies written were of
a minor nature or cosmetic requiring no
further action.

2. 35% to 40% of discrepancies written were of
an obvious non-conformance nature requiring
scrap, rework or repair.

3. Remaining 30% to 40% were of a nature that
required design engineering interpretation
as to scrap, rework or material review
board action for "use-as-is" or repair
not covered by authorized repair procedures. .
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As stated befonce, approximately 30,000 reject tags

were gencrated over the last four years of the program.

It is very significant tc mention that the four years

previous to A7LB/Skyvlab pfoduced nearly twice the amount of
reject tags (approximately 60,000). A significant reduction

in the total amount of rejects can be attributed to advancement
of the “"state of-the-art" and accumulation of past history

to evaluate reject tags withou* as mwmuch design interpretation.

This evolutionary process must be considerably shortzned
if any cost reduction efforts are to be realized.

Evaluation of effectiveness of reducing non-conforming
papexwork, defects and positive disposition ability has shown
that quality could not be built into the product especially
after fabrication of first article qualification unit,

Dispositioning of non-conformance by manufacturing
and quality engincering, was very difficult without continuous
aide from design engineering. All manufacturing specifications
were of a general nature which gave inspection very few
guidelines on what was rcjectable and what was of a minor
nature, not reguiring generation of non-conforming paperwork.
Specifications lacked definitions to allow manufacturing
engineers tn make decisions effecting disposition of non-
conforming items. Inspectors had to reject everything of
a questionabie nature, because there were insufficient
guidelines for them to accept minor conditions. This resulted
in a production delay while evaluation was being made.

Design engineering was reluctant to change acceptance
criteria after the suit was qualified. Recurring non-
conformances were dispositioned "use-as-is" but specification
changes for future articles were rarely changed. Design
engineering rationale was valid, in that multiple changes of
acceptance criteria would effect the design and reliability
of the previously qualified suit configuration.
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Obviously dcfects occur. It is the amount of defects, {

reporting methods and disposition of non-conformance that

. have significant prooram impact. Unless effort is
L] '~ 1 -

applied in the earliest desidn stages to evaluatz these
problems, the most ~ffective Quality tool "Cost Reduction"
cannot be adequatecly utilized. Areas for this evaluation
are (1) accarate tolerance study to set realistic
" manufacturing tolerances, instecad of creating tolerances
; that exceed safety margins, (2) establish specifications that
¢ - Blallow manufzacturing engineerihg to make positive dispositions

} . . .
o / of non-confermances, (3)evaluate all potential cosmetic and

. ! minor defects to determine those that will not require
. i\generation of discrepancy paperwvork.
. The above tasks require sufficient manpower loading
during the design concept of fiture programs. Well defined
goals must be established early in the program to realize
a long-term cost reduction program.
r RECOM:ENDED FUTURE SUIT PROGRAM METHOD:
GUIDELINLES GENERAL::

Early involvement by Contractor's, Manufacturing ani
Quality departments is necessary. 21l previous causes of
non-conformance paperwork, detailed in-process inspection,

{ Manufacturing Engineering's ineffectiveness in decision making
and excessive design engineering involvement during the
production phase will not be significantly improved unless
Design, Manufacturing and Quality Engineering, together,
estaklish realistic goals to form a solid foundation
that will assure the most efficient means of operation,
GUIDELINES SPECIFIC:

A. The Manufacturing specifications and procedures
must provide the Manufacturing Engineer with
the capability to evaluate and disposition
non-conformance. Manufacturing and Quality

. Engineering must be exposed to pre-production

fabrication methods.

|
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A basic cause and affect analysis of discrcpancies
encountered during the desion phase will serve

as a solid base for establishing disposition of
future production hén~conformances. Manufacturing
and Quality Eaginecering will have an opportunity

to observe and evaluate pre-production fabrication,
and working with the design engineer, determine
realistic production acceptance criteria.
Manufacturing engineers, aided by Quality and
Desi‘ i Engineers, will collect data necessary to -
generate the basic manufacturing specification that
will be used duxing the¢ production phase.
Specifications will be designed to allow update

for actual production problems as they are

!

encountered.

This will result in the ability of the Manufacturing

Engineer to evaluate the majority of non-
conformities encountered during the production
phase without continued aid from Design Engineering.
This will also reduce the "design interpretation"
category of reject tag:s, which represented 30 to
40% of total discrepancies.

Manufacturing specifications anrd procedures must
classify defects. Major and minor defect
classification plays an important part in the
production phase of the product. Failure to
establish the defect classification during the
design phase of the product will produce wide

range interpretation of accept/reject criteria
during the production phase of the program.
Inspectors will reject any products not specifically
covered by specifications or procedures causing
delays for evaluations and disposition of questionable
rejects,

: ~141~
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There is nc way to identify and categorize all
possible defects during the design phase of the
product. Here, however, cosmetic or minor
conditions not requiring rejcction, minor
defects dispositioning and major defects
rcquiring complete cengineering involvement, should
be evaluated. The effort for improving the
manufacturing specifications and procedures for
use must be initiatcd during the preliminary
design stage. This should result in significant
reduction of rejects involving "cosmetic" and
other minor conditions which represented 25 to
30% of all rejects.

Manufacturing specifications and procedures must
provide workmanship standards to guide manufacturing
and inspection functions. Many times acceptance
criteria cannot be expressed as a tolerance. In
these cases, pictures or sample items of what
constitutes an acceptable condition are preferrable
to written criteria. Even when acceptance is
expressed by a tolerance, visual aids are helpful
for comparisons.

This should result:in better awarencss by manufacturing
operators to acceptance standards; it will also
reduce the amount of non-conformities presented

to inspection. This will reduce the "obvious
defects" category which comprised 35 to 40%

of total reject tags and decrease inspection
interpretation of acceptance/rzjection criteria.

The contractor must expand the Operator

Certification Program. This guideline would be
most effective if acceptance testing is implomented
at the subassembly level, This concept must be
applied in order to confidently delegate certain
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quality acceptance criteria to other departments.
This Opcrator Certification Program must be a
probation period to_ properly evaluate whether

an invidivual can mect the certification
requirements. To be certified, they must be
capable of using all tools provided to insure a
Quality product. They must be capable of reading
ané understanding all manufacturing specifications
and procedures pertaining to the product such as
Table of Operations and drawings. They must
display morxe than just the ability to perform
fabrication operations, they must show a Quality
awareness., Diligent pursuance of this program
will produce a reduction of up to 60% of in-linre
inspection which will result in less down-time
waiting return from inspection, alsn a significant
reduction of obvious defects which comprise 35 to
40% of all previous defects, and a reduction in
Quality inspectors required to support production.
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5.3 TITLE:

Product Assurance Organization and Manpower Summary.
OBJECTIVE: .

Evaluate the management systems utilized for the
control of Quality, Reliability and Safety during the
Apollo, Skylab and ASTP suit programs. Using guidclineé
recommended in paragraphs 5.1 and 5.2, determine prxojected

manpower savings.

APPROACH:

The Product Assurance organization and operating
procedures used in support cof the Apollo, Skylab and ASTP
suit programs were used as a comparative baseline. Guide~
lines discussed were used to project recommended manpower
to support future suit programs. a
GROUNDRULES USED FOR STUDY:

l. The Product Assurance organization for the peried
1970 through 1973 was used as the study baseline.
.Primary emphasis was on manpower reduction,
2. The propésed Product Assurance organization was
manloaded to support the program schedule shown
in section 3.4 (see Figure 5.3).
3. Compliance with NASA document NHB 5300.4
was assumed to be minimum assurance requirements
for future programs.
DISCUSSION:
During the period utilized for the study, 1970
through 1973, the warious assruance functions, Quality,

Reliability, Safety ware continually being subjected to
organizational changes in order to most effectively optimize
manpower utilization. As a result, ILC had formulated the
Product Assurance approach of combining the overlapping

or redundant functions of Quality, Reliability anc Safety.

This general philosophy is reflected in the proposed

manpower requirements for future suit programs without
attempting an in~-depth evaluation of all Assurance disciplines.
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The specific studies (Paragraphs 5.1 and 5.2) presented in °

this repcrt were those areas which displayed the most significant

cost savings potential. Flow diagrams were constructed of

the past and the proposed prdcedures and the resulting
manpower deltas. The manloading of the 970 to 1973
organization was based on an average 1/5 production rate.

In order to properly compare these 6rganizatins, the production
rate was factored to reflect the estimated levels of manpowey
required for a 1/20 production rate. Comparison of these
two programs revealed a total manpower savings of 436 man
months.
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6.0 TITLE:
Organization and Cost Summary
OBJECTIVE:

-

Evaluate the entire program management, engineering
and quality organization which existed during the Apollo,
Skylab (ASTP) and ASTP suit programs. Determine the overall
manpower savings resulting from the implementation of all
the guidelines recommended for future suit programs.
APPROACH:

The ILC program managemcnt, engineering and cuality
organizations which supported the Apullo, Skylab (ASTP) and
ASTP programs were used as a comparative baseline. The
guideclines identified in Sections III, IV and V were used to
formulate the recommendcd manpoucer required to support a
future suit program. The resulting summary of manpower
savings was then determined by a comparison of these program
management organizations. ; o
DISCUSSION:

As a result of this study, the following major

guidelines were recommended for use on future suit programs:
l. Place emphasis on qualification of subassemblies '
rather than the entire spacesuit assembly.
2. FACI the first production item rather than the
guali fication item.
3. Qualify to the CEI worst case mission requirements

/7 ] .
the first tlme.t)gffu “‘/“’%*“‘J ﬂ;';hwdnﬁ Losn
— e JRONIT JUIRT SR SR ( [P P S YR
4. Reduce the draw1ng reqalrements by u51ng /

«t-. 2 ¢ manufacturing instructions for configuration

)
4

control. ﬁ,hv%:th,g,.
5. Reduce 100% in-process inspection and-replace it

with component and subassembly acceptance
teSting.(Fyme ¥ f anbeoni BG Ve K QUCISTY i

6. Allocate sufficient time early in the program to
develop efficient systems and procedures.

2L . . :
7. Perform astronaut fit check at the user's site, ./ ay <.

8. Streamline data reporting requirements and centralize
the data collection system.
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9. Consolidate program managemcnt control functions.

The manpower level required to support a future
program utilizing the recommcnded guidelines was then compared
to the level of manpower reguired at ILC to support the
Apollo, Skylab (A7LE) and ASTP suit programs during the
period 1970 through 1973,

The manloading of the 1970 through 1973 organization
was based on an average 1/5 production rate. 1In order to
compare these organizations, the production rate was factored

" to reflect the estimated levels of man )owver required for a

1/20 production rate. Comparison of these two programs
revealed a total manpower savings of 1565 man months dpring

a four ycar period if the recommended guidelines arc followed.
Figure 6.1 illustrates the recommended suit program manloading.

. =163~
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APPENDIX A
-A7LB - INDENTURED PARTS LIST
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A7LB-100006 Torso Limb Suit Assembly, Integrated

A7LB-100007
A7LB-105023
A7LB-109025
A7LB-109017
A6L-104025
A6L-104035
A6L-104034
A7LB-109029
A7LB-109029
A7LB-109010
A7LB-109013
A7LB-101189

A7LB~1011¢%0
"A7LB-101191

A7LB-104084
A7L-104046
A7TL-104060

A7LB-104092
A7LB-104130

A7L-104076

A7LB-104135

Torso Limb Suit Asscubly, EV
Knob & Shaft Assembly, Diverter Valve
Mounting Plate, Diverter Valve
Mounting Plate, Gas Connector
Gage Pressure Dial Indicating
Mount, Gage
Ring, Back
Wrist Disconnect, Suit Side, Left
Wrist Disconnect, Suit Side, Right
Neck Ring, Suit Side
Mounting, Ring Neck .
Upper PLSS Attachment Assembly
Bracket, Attachment, PLSS
Bax, Attachment, Connector
Arm Bear Assembly
Seal, Wiper
Ball, Port
Race, Inner
Outer, Race Assembly, Arm Bearing
Spacer
Four - ST Drawings
One ~ MS Drawing
Ring Retaianing, Convolute Arm Bearing

A7LB-104136 Tab, Locking Arm Bearing
A7EB~101-203 Strip-Assenbly—Attach—#32—-
ALB=lSl302——  _ _ _  Strip,-Base—4i2-(Pattern)
" Two - ST Drawings
“A7EB-1-61204———————Fast—S5trip—-Assembly;—Terso
ALB=1213) 2 Fastener-Tape,—Pile--Entrance-Zipper
Four - ST Drawings
A6L-101017 Flange, Outer, Electrical
A6L-~-101016 Flange, Inner, Electrical

AHB=101135—————Thigh-Cable-Guide,—-Patch-Assembly—
AbL~104003————Guide,~Cord —-

Two - ST Drawings

~A6L=1040l8 o Cover-Strip Assembly, Wrist:
A6L=104018  __ _____ Tapa §&-Webbing-Reinforcement-

A6L=101044

One - ST Drawing

A7LB-101155
A7LB-109018
A7LB-109020
A7LB-109038

Washer,~Gromrcot——mm-

Tube, Waist Cable Guide

Housing Assembly, Inner Gas Connector
Spring Gas Connector

Ring Clamping & Multi H30

A1 0900 0————————Sorew—Modified——

QAIZLB=101209

—Strip-Assembly-—Attach.. #7.

. -AJLB=181285

Stripy—Base~#7+—{Pattern)—
Two -~ ST Drawings
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~A7LEB~101209 Steip-Assembly—Attach——#8——r-
—AFLE3-151286 Strip,—Base-#8—(Pattern)-
Two - ST Drawings
~A7LB-101-200- Strip-Assembly, Attach..#9.
AFLBR~151287 Strip,--Bast-#9(Pattern)—
Two ~ ST Drawings
—AFHE-1 03209 St rip-Assembly—Atlach-—#10
—AHB~-1512886— e Strip,-RBase-#10 (Rattern) .
Two - ST Drawings

~AFEB-3+81209— —__Strip Assembly.,-Attach. 411

~A11LB~151289 Qi-rnl Base_#11 (Pattern)
Two - ST Drawings
A21LR=108026 Arm Vent Duct Assembly, Left-
~—A6L—15802——— Patbern—

~A6L=168021—— Pattorn-
—~A6L~=158009— e Patierp—-

~A6L=158008 Pattern
_A6L=-1S8008 Pattern.
<A1 L) 6 802 2 Pattera—
~AILB=108024 Space-Assenbly—Vent—Arm—
AJLB-158022 Pattern
A7LB-109031 Connector, Vent Duct
~AILB=158023~— RPattern—

~A1EB-1-5802 33— Pattern—
Four - ST Drawings

—AZLB~108027 —— —  _ Arm-Vent-Duct-Assemblyy—Right
-AeE~+£802——————PRattern—

—A6L~158021 : Pattern—
—A6i~1+58005 ~Pat A
61158008 Patltern

B 158008 Pattorn
~A LB~ 68018 Patterpn—
A7LB~109031 Connector, Vent Duct

—~AFEB~108024———-5pacer—-Assenbly—Vert—aAIm

Tour -~ ST Drawings

A6L-105010 Sleeve, Crotch, Double End
-4H%r%94083———~—————————ceve;—Sts&p—Assamblyv—Uppe;-Arm
—AFE-3-04083 Tape—&-Webbing-Reinforcement.

One ~ ST Drawing

—~26L=2-0)07 44— Sl eove,—3/32L Dias—Cable-Modified—

AT EE-}02 04— ——————Pag St i p-AS s r—TOorso—
A B=-12131 2 _Fastener—Tape—{Pattern)
Four - ST Drawings
A6L-104033 Nut, Gage
A EBa=1-50011— Label-CEI-Tdent~Ps63+—Integ—TLSA
Five - ST Drawings
- A6L~101024 Swivel, Label Ends, Shld. Retaining

AN
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-, A7LB~101226
' A6L-101045
ATLB-101225

Cable Guide Assembly, Rear
Plate Mounting

Tube, Flared Cable Gulde
Two - ST Drawings
-AJL,mLOlzis-nwu~—-—————Swage~x4tt¢ng7-Shouldep

.,
¢

e e e vt
!"‘"""‘" ——
n * H

U gaowmaQwn

. A7L-101035 Plug, Water Connector ;
A7LB-109016 Housing Assembly, Outer CGas Connector,
3 Inlet .
: A7LB-109016 Housing Assembly, Outer Gas Zonnector, i
b Outlet :
] L A7L-101116 Base Plate, Shoulder Cable Connector H
. A7L-101117 Cover Shoulder, Cable Connector i
g A7LB-101229 Terminal, Swaging Cable i
EJ “A75,B~101235 Risret—Shoulder—Restraint-Rear—Neck ¥

] A7LB~104095

A7LB-104140

A7LB-104105
A7LB-104097
A7LB-104096
A7LB-104106
A7LB-104094
A7LB~104102
A7LB-104103
A7LB-104094
L7LB-104101
A7LB-104100

~A#+LB-1-04098

A7LB-104128

ATLB-101197
A7LB-101164
A7LB-101160
A7LB-101165
A7LB-101199
A7LB-101157
A7LB-101167
A7LB-101197

Ring & Cable Guidce Assembly, Shoulder
Ring & Cable Guide Sub-Assembly,
Shoulder

Ring Form
Angle, Reinforcing
Tubing Guide, Shoulder Assembly
Support, Swivel
Washer, Thrust
Shaft, Pulley
Shaft, Swivel
Washer, Thrust
Bushing, Clevis
Clevis Pulley Assembly

—Pulley—-Assembly;—Cable—

Pulley Cable

Three - ST Drawings
Four - ST Drawings
Four - AN Drawings

~qk4LB—%G&Léé————-———————na;leynAssembly7~Wa&sbr43L-

Pulley & Bearing Assembly, Waist
Cover, Pulley Assembly, Waist LH
Clip, Pulley Assembly, Waist LH
Cable Guide

Screw, LM Restr. Attachment
Bracket, LN Restr. Attachment
Weldment, Pulley Assy., Waist LH
Pulley & Bearing Assy., Waist
Two - ST Drawings

One - MS Drawing

kB0 66——————Pulleoy. Assembly, Waist, RH-_

Lo A7LB-101197 Pulley & Bearing Assembly, Waist

2 A7LB-101165 Cable Guide

| A7LB-101160 Clip, Pulley Assy., Waist RH

; A7LB~10164 Cover Pulley Assy., Waist RH
A7LB~101199 Screw, LM Restr. Attachment
A7LB~101157 Bracket, LM Restr. Attachment
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A7LB-101167 Weldment, Pulley Assembly, Waist RH
Two - ST Drawings
One - MS Drawing

A7LB-108038 Sleeve Plenum , Mtg. Diverter Valve

A7LB-108038

A7LB-101122
A7LB-104106
A7LB-101123
A7LB-101124

Sleeve, Plenum, Mtg. Diverter Valve
Bracket Asscmbly, Neck Turn Around RH
Ferrule, Guide
Bracket, Right Hand
Tubing
Two - ST Drawings
Bracket Assembly, Neck Turn Around LH
Ferrule, Guide .
Bracket, Left Hand
Tubing
Two - ST Drawings
-%ﬁﬁB-%G4%5}—————ww——wm@evef~&ssemb%y~—5heuLéef—Leﬁt
<A HB-154071 attern
~—A6L~%09094-——~—n——————Leep—2a9e7*MGdi£ieé——
&A4LB-lS4040———~——-————~—Pa%%efﬂ————
Two - ST Drawings
~AFEB~1L04153 ———— - Cover-Assembly-—Shouldexr—~Right
A1 LBel154071. ~Rattern—
—A6E~1-09001—————————Loop-Tape,—Modified
—AFLB-15400— Pl sherR———
Two - ST Drawings
—A7LB=1 40018 Label-Assenbly,—Warning
—-A4LB~1+61404—-——————Pattern—-
Four - ST Drawings
A7LB-101182 Lock Assembly, Restraint Zipper
A7LB-101183 Housing, Lock, Restr. Zipper
~H#H:B~3+63393————Tab Assembly,Lock=Lock

A7LB-101122
A7LB-104106
A7LB-101123
A7LB-101124

A7LB-101184 Tab, Lock-Lock
A7LB-1011°P5 Pin, Lock-Lock
A7LB-101214 Bushing, Centering
One -~ ST Drawing
A7LB-101186 Strike, Zipper Lock
A7LB~101187 Plate, Spring Retainer
A7LB-101253 Pin, Slider, Mounting
A7LB~101256 Housing Lock, Restraint Zipper
Three - ST Drawings
Two - MS Drawings
A7LB-108018 Inlet & Torso Plenum Assembly
A7LB-108020 Plenum Gas Connector Inlet
A7LB-108021 Plenum Torso Duct
—AHB-156026 Pattern—
. —HtEB-1 58025 Pattern-
A7LB-108022 Spacer Assembly, Torso Vent

.
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-A4LB~158014 Rattern
—ATER-1L58013~ Paticrn——

Three - ST Drawings
~A7LB=-158027-— Pat.tern
~A7EB-3-68028 Rattorns
-ATLD—-158033 Pattern—
«~A7LB-~158033 Rattern—

A7LB-109019 Cage, Vent Duct, Gas Connector
A7LB-109026 Cage, Vent Duct, Diverter Valve
A7LB-109048 Screen, Diverter Valve
A7LE-108037 Exhaust Assembly, Plenum Assembly
A7LB-108019 Plenum, Exhaust, Gas Connector
—AHEB—E58425————————PRattern——

A7LB-108032 Spacer Assembly, 6 Coils
vA#LB—éé8035——--—-~m—9a*teb%-mw

AEB-1-53633 Paitern

A7LB-109019 Cage Vent Duct, Gas Connector

Three - ST Drawings
A7LB-104086 Arm Assembly, Upper Left
AFEB-304152—————————GConvolute-Assenbly,—Shouwlder,—Lefd
A7LB-104151 Convolute, Shoulder, Left

FB-31-54067 Rattoern-
One - ST Drawing
~-AFEB—3+04 55— Restraint. s Bladder Asgemhly, Teft

ATLB-1041-14 Restr.-Assembly Upnsr-Arm-Cone—Left
-A2l.B=1S40A,0 Paitern
—AILB=18405 3 _Paticrn.
LB 54554 Pattern

~ALB=1S4035 — _______Pattern .
Thirteen - ST Drawings

—A+5B-3+641+1-6——————Bladder—Assembl y—Upper—Arm-Cone-Left

—AFLR=-154056——————————Pattern—
275835465 F—————— ——Pattern—
RAFER-+54058——————— - Pattern
A B354 — e Pattern

A1LB=101208- Strip Assemhly Atcachment
Six - ST Drawings
A6L-104003 Guide, Teflon

Eight - ST Drawings
“A6L=109002 Tape,—Loop ~Modified
Eight - ST Drawings
A77 B--104086 Arm Assembly, Upper Right

A dLBal04152 e Convolute—Assembly;—Shoutder;—Right
A7LB-104151 Coavolute, Shoulder, Right
~AILB~154068 Pattern—
~AFB~-154-067 —Rattern

One - ST Drawing
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ATLB=)OALLS e _Restriant..4.Bladder Assy..,.-Right D
~AT7EB=1.04114 Resty. Mssy., Upper Arm Cone, Right E
ATEB-104069 Pattern C
-AFLB~1c4053 Pattern D
—AFEB~1-54054 -Pattern. C
- X HB~1-54035—eem— —Paltern D
Thir+een - ST Drawings P
—A?-LB—-lQ43:~l~6~———————-——Bladaer-Asvemb tys—Upper -ArmCone, ) ;
Right B ;
~-A7LB~154056 Pattern— D
A7 LB~1£40 57——~ —Pattern D .
""A‘?‘LB"‘]. > Jv rattern D 3
* ~—A7LB-18405" ————- - -Patterm C :
- . AHLB-104208 —Strip-Assembly—Attachment— E
g E Six - ST Drawings B
,‘ A6L-104003 Suide, Teflon B 3
) Eight -~ ST Drawings B %
: L ~A6E—109603F———————Fape;—Loopy—odified B i
; i Eight - ST Drawings - B i
, ~2 7L, B=108028 _Helmet Vent Duct Asseixly E é
o . A7LB-108031 . Connector, Vent Duct, Helmet (o} §
{f —A7LB~108025————  Spacer,—Assembly,—Helmet— D :
- ~AZLB=l 58015 Pattern J £
- Three - ST Drawings B :
[:_ ~AFLB~168020—— Pattern— D i
- —ATEB-158020 Patterai— D i
] Four - ST Drawings B H
{‘* A7LB-1086"45 Diverter Valve & Duct Seal Assembly D i
.. A7LB-109037 Receptacle Assemkly, Mulci H2C Conn. D H
—A7ELB~108029 Leg-Vent Duct Zssembly E i
- -2 LE3=1880-21 Pattern E
L: ~A7EB-158021 Rattern E
—ATEB-15802 Rattorn D
. ~—A1LB-lS8024———-________J§uuuuux D i
l; —A6L-158016 Pattern J
. —A7LB~108023— Spacez_Assembly,_ﬁe E !
~A1LB=158016 Cover—Vent-Spacer—Log— J i
o Three - ST Drawings B !
Is. Two ~ ST Drawings B )
. A7LB-107028 Liner Assembly - TLSA J i
. —A#LB—%O#G%G—————~—————4@Pﬁfefeemeﬂ%—Assemb}yT—Leek—Leee—- § :
[', ' —Cut-—Out— o
wAFLB-157102- Dattery. c :
B ' One ST Lrawing E
[z ~AZLB=127053- Patiern E
Pl At B=134053———— ——Pattern- E
" -AFLB=127054 — attern E
[ 75834054 - ———Pattern E
B AFEBR=107029— e Ragbone sS4 rip—Uppen —Wiist E
~AILB=107029. Fastener Strip, Tarso_ E
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1 FIN-AGT029 ——
~A7LB-L07 D29
—NATLE-107.030-
—ATL-28T707G

—AFL-Y 0T (b —

Fastener— & =ip—Upper-Wrist
Rasien F-Girip,—Lower—"3rist
Pad-noscimbly "ppCL_AJ’.}‘J_CJnG
pattesn-—
—Rattcra—

One - ST Drawing

Patiern_

~ATLDB=27705%

ATLB—14F056 PasLerdi-
ATELE~127056 peetern
—#c71,8-17 7 04— —Patern:
—AFLE-AEF0506- - ratteorn-—

—AR7LP -1CF 056 P iteorn
—27ER-157065 Daitern
-—4FLB~187054G D: hero-
—AMEB-167667 P-tiery
~ATLB=157065— ¥ attern
—AZLB-1CT7 (L2 zatxern-
AILLE=18i073—— — - —Paiiern-
~AFEB~1G7 63— Pad-Assembly,—Sheulder
CATL=1876G12 Paittern.
—F~157062 _Pattern

One - ST brawing
Fastencr-Sirdin,-Lower-Wrist

A7ZLB 1070629

~—AFLB~1070-28 rastoncr—Sirip—Torso-
—AZLB=-157063 Dhttern

27LB-157062 - - ————Pallicnn
—AJLD~1 230 76— ———Raltcorn
ATLE-177432~— ————— Comfort-Fad-hses blw,Knee

~BF =3 Sudl Patiern
Ay = "y Rattexrn-
One - ST Drawing
—AFLB-107032 comfort-Rad—Assenbly—Urderasin
AIB=1Z27080— Rattorn-
~BFLB-137-9E 5 PatteEn
One ~ ST Drawing
~A7%B=137032 rad-Assenblyy -Comfort,~Cxroetch
AHB-L+27079 Fattern—
~A7LE~187082——— ——Pattern
One - ST Drawing
—ALR~12704-5— Pattern—
«AZTB3~1EF0FT Patterna—
~A7LB~127078 «-Rattern—
~ALB=10706}—mr —— Pat-tern-
—AILB=107329 — PFastener—5Strip7—Neck
—AJLR~157049 Pat.tern —
~—AZLB=1S87949—- - ———Patterri—
“AILB=157097 Pattern-——
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~A7LB-107034 Strap,—UCTA Heose Retaining
-AZLB-107035 Chin Pad,-Liner_ Asscmably
~A7I.B-157099 Pattern—
—A7LBE-1S57100 Patterr
One - ST Drawing
~AZLB~1C7052 Pattern
“ATLB-1Z7055 —Pattern
Fourtecn - ST Drawings
~AHLB=101213 —Fastcener-Strip-asscembly, Neck
Five - ST Drawings
—A7EB-1-01212 Guide-Asscmbly;—Crotchr—€abile
—A6L~-151015— Pa tternp—
—A7LB~1514 )7 Pittern-
~A7LB=1S1416 Pattern
‘‘'wo - ST Drawings
AR7LB-104085 Arm Assembly, Lower Left
—AFEB—~i04157 Convoiute—Assembly-—BElbow
A7LB-104156 Convolute, Elbow

Six -~ ST Drawings
One - MS Drawing
—AHEB~1-04123————————— Pastener—Strip,—Wrist,-Lwrw—L

A7LB-104127 Restr.— & Rladdar-Assembly,-Left
-4A7LB-104125 Restrv—assenbly,—Krist-Cone—Left
—A7LB~12.1062——— o Pattern
—A6L~109001 Fape—Loop,—Medified
—A7L~1S54004 Pattern

A Seven - ST Drawi=ags
AFEB-1-041-24 Bladdex—Assembly—Wirist—-Cone, L.
—~ATEE—)-22L 60 Dattern

A LB LAY  _Patiern——
Five - ST Drawings

—~AJLB=174048 Pattern
Two - ST Drawings
A6L-101044 Washer, Eyelect

Six - ST Drawings
Two - AN Drawings

A7LB-104085 Arm Assembly, Lower Right
A FLB~104157 GConvolute-Assembly,—Elbow
A7Lb-104156 Convolute, Elbow

Six - ST Drawings
One -- MS Prawing
—AILB=104)23—— __Fastener—-Strip,-Wrist,—Lwr.~R.

—AJLB~1.04127 uestLT—&mBladder-Assemblyr—R&qht—-
-A?LB—&O4£25————————————Res%r——Asqembin_w
~—AILB=1%:062 attern—
-—A6L~109001 ”apeT-Loopv-Modiiied

—A7E-1540040——— Pattern
Seven - ST Draw1ngs
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—-A7LB=104124

Bladder _Assenbly, Vrisi_Cone, R_

—ALB=1Z4040

Pattexrn

- ATLB-144001

RPattexrn.

Five - ST Drawings

~ALB-1Z4048

A6L-101044

A7LB-104093
A7LB-1060061

Pettern——-

Two - ST Drawings
Washer, Eyclet

Six - ST Drawings

Two - AN Drawings
Bracket Cable Retention
Boot Ass;mbly, TLSA, Left

—A7LBE~106063 Bladde S—t.incr—é-Vant-assenbly,-Poot
Left
ANB-126117- Pattern-
-A71—3-06648 ——Outsole-assembly—Bladder-Lefl
2ATL=1Z6037 Rattern—
Two - ST Drawings
CATL=1060]9 —Liner—&-Vent -Assembly;—Boot
-A7LB-106074 Liner—Asse:hly,—Boot—Leii~
~-AHB-156127 P W
—ATLB-176123 Pattern—
~AB~1Z6)18 pattern—
—A1L=-176038 ——PRattern-
Three - ST Drawings
ATL-1S6045 Rattern—
—A7L~106019~03.————————Patch,-Reinforcement
~-A71~156046 Rattern——
~AFL-126044 Pattern—
~—A7L~-126043 Pattern——

e BIL~126042—— e Pattern
—AL=126041-— —_  Paticrn-

~-A7LB-1.06072

Six - ST Drawings

——Restraint,—Heel&—-Sole-Assembly,-Boot

Left-

—AFLB-10607} - Sole—-Assembly,Left

~A6L=-126007

Pattern—.

—A2L=126033 e ————Pattern-

A7L-106012 Nut, Flanged

AT L=~1-26031 Rattera——
—A7L=1260-32 Pat:tarn

One - ST Drawing
AZLB=106070 Heel-Assembiy—Boot
~AZL=1s6029 rtattern
—AT=156075- Patterp——

One - ST Drawing
A7L-106010 Screw, Heel Shank
A7L-106013 Screw, Arch Shank
—ATL-106016- Insole-Assendbly,—Restraint—heft
—Af 126034 Ratdtern

Two - ST Drawings
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A7L-106014 Arch/llcel Shank

LAZL-1SC072 Rattern
—A7M=-186077— Pattern——
—ATL-1S6077 Pattern—
—3AM~156078 Pattern .
A7L-106005 Restraint Assembly, Boot, Left
A —336001 Patiern
-A7¥~}726002————-——DPattern-
—A~156008- Pattern
—A75~15S602% Patvern—
A7~ 186036 Pattern
—~AIL~126048- Pattern-
-AH~1Z260417 Pattern
. -AHL~106007 Cable—&Fercrule-Assembiy,—Boot
A6L-106007 Ferrule, Cord Guide, Small
A7L-106007 Tube, Shrinkable
A7L-106007 Tube, Shrinkable
Two - ST Drawings
A6L~106007 Ferrule, Cord Guide, Small
—AL~126025 ~Rattoern—
—AML~126G5 Pattern
A ~LZ6022 Pattern

—AIL-~1lS6017 — — — —  _Pattern—
Six ~ ST Drawings
Five - ST Drawings
One - ST Drawing

A7LB-106061 Boot Assembly, TLSA Right

~AZLB=106063— —Rladder-Liner—&—Vent-Asseaahly,—Boot
Right

—ALB~12611 77—  ___Pattern

—ATL~106018 outsole-Assemnbly;—Bladder—Right

e A L=1-26063 77— ———Pattern—
Two - ST Drawings

AZL=106019 Liner-& Vent Assembly.,—Boot
«AIL3=106074 -Liner_Assembly,-Boot Left.
AJLB~1S6127 -Pattern—
~-A7LB~126123-———————-— Pattern-.
~A7LB~1Z26118 Pattern—
CAZLB=146038— Pattern——
Three - ST Drawings
“A7L~-156045 Pattern——
—A7L-106019-03 - Pattern-
—A7L~-156045% ———e Pattern—
~—AIL-126044 : Pattern—
AlL=126043 RPattera
-A7L~126042. RPattern—
~—AIL=126041 —Patiern-

Six - ST Drawings
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~—AILB=106072 Restraint, Heel & _Sole Assemblyr, Boot
Right
A71L,B-10601-1 Sole-Assembiyr-Right
~A6L-172600% Pattern,
—A7L—-1726033 Patlern—
A7L-106012 Nut, Flanged
—271~126031 —Pattern—
—A7L~1726032 ~RPattiern.- .
One - ST Drawing
—~—AILB=106010 Hee l-Assenbly,—Boot
—A7L-156029 Pattean——
—A7L-156075 Rattern—

A71-106010
A7L-1066013
-AH~1060616

One - ST Drawing
Screw, Hecel Shank
Screw, Arch Shank
Insole—Assembly;—Restraint—Right

—A7E01Z26034

Rattora——

A7L-106014
~AIL=156077

Two - ST Drawings
Arch/Heel, Shank
attern——

—AFE—156077-
~AH~I)-S6C077

Pattern
RPattern—

—~AIL~-1S6078

Pattern

~—AH~1 5607 8~——o————Pattern

A7L-106005
—A¥L~3Z26001

Restraint Assembly, Boot Right
Pattern

—A7L~126002

Pattern—

~A7L~-156008

Rattern-

—A7L~156021
~A7L~156036

Pattern—
Rattern

—AHr~126048

Pattern—

—AH~17%604F————ee . Pattern—
AIE-10600F———————Cable—&TFerrule—Asaemdbly;—Boot

A6L-106007
A7L-106007
A7L-106007

A6L-125007

Ferrule, Cord Guide, Small
Tube, Shrinkable

Tube, Shrinkable

Two - ST Drawings

Ferrule, Cord Guide, Small

«-A2L=)726025% . Patterh——

—A21.-126024

Pattern-

—A7L-126022

Pattern—

“A?L=156017—————Pattern

A7LB-101270

A7LB-101271
AZLB=101272

Sixteen - ST Drawings
Five - ST Drawings
One - ST Drawing
Swage Fitting, Crotch Cable
Thimble, Crotch Cable

Cable-Coating—Mod+——ylon
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A7LB-105004 Leg Assembly, TLSA Left

<A71,B=105045 Restraint_Assembly,-Lower--Leg-Cone,
Left
-A7LB~1.55089 Pattern
—H/EL-1L50L5 - — - ——————Plap—i—Elide-Fast-—Assembly
~A6L-125003- Pattexn
Two - ST Drawings
~N6L—-10900% Tape—Leop—Modifiad-
-A6L—165001 Tape,—lLoop, -Hodified
Eight - ST Drawings
A6L-105031 Pulley Assembly, Cable Crotch
—A6L-109G01 Tape,—Loon,—Modified
-A7LB-105026 Lover-As scmnbly,—Thigh-Convolute,—Left
—A6L~103001 Loop-r—Tapes,—Modi £ied-
—A6L=155029- Pattern
-A7LB-1£5026 -————————Pattefa-
—AILB-1-55027 attern

Slx - ST Drawings
-ALB~105024— — —_____ Convolute-Asscubly,—Thigh

-A7LB=1S1419 Patitorn
-A7LB-155021 Pattern
A7LB-105023 Convolute, Thigh
One - ST Drawing
-A7L8-105033 GConvolute-Assembly—Knee
A7LB-~105036 Terminal, Cablc Swaging
A7LB-105006 Convolute, Knee
: One - ST Drawing
-A7LB--105007 - Restraint-Assembly;—Thigh—Cone;—Heft
A71:B=12 5006 ———————Pattern-
A6L=125006 Rattern
~—A6L~125007 Pattern

~-A6L~109001————— _Tapo, Loop,-dModified
Eight - ST Drawings

~A+LB=105008 -Bladder—Assembly—Thigh-Cone,—Left

-A7LB~1-25010- Pattern
—~—A7LB-125009————— —_Patteorn—
-—ﬁ#ﬁB—&Gl208————————————thtp—&ssemb&yv—hetuehmeﬁt—Veat
+«A6L-105019 Disc, Medical Injection
-A6L=1 S$5024 Ratterp———-
Five - ST Drawings
~A2LB=105008 Bladdex-Assembly,—Lower—Leg—Cone,,
Left
~—A71LB=155007 Rattern
-A7LB-1S5008 Pattern—
—A7LB~101208 Strip-Assembly—Attachment—Vent
. Five - ST Drawings
~A6L=1050325 Cover Assembly, Knee-Convolute
" -A6L=105032 Taper—hboopy—Modified-
A6L,-15501-2 —Pat torn——
—A6L=1S85013 Pattern—
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One - ST Drawing
—~—A¥LB-&05002———_—_____mkcstxaint_Assembly,_mhigh_Cone

-A75B-175006 Pattern-—

—A6L~125006 Pattern—

—A6L~125007 Pattern—

tA61~1S5008 Pattern

—AL=1.54004 Rattern

—A6E-109001 -Taper—hoopr—Modified—

Five - ST Drawirngs

—AJLB=105009 Bladdor-Assemblyr—Thigh-Cone,—Right.

At LB~12 5000 —_Rattera—
—AFLEB~101208——————Strip-Assembly—Attachment
«AILB=1%5010 Pa -t £ QLR .

Three - ST Drawings

~A61~1855014 Pattern D

Two - ST Drawings B

—=A7LB-155015 Pattern— Cc

~—hTLB~1$5018 Pattern.—— C

—A7LB~1585018 Pattern C

A6L-101044 Washer, Grommet B

Eight - ST Drawings B

Two - AN Drawings A

A7LB-105004 Leg Assembly, TLSA Right E
AILB=LL5045 e _Restrodnt-Assenbly-—Lwr—Leg-Cone,

Right D

—A7LB=155089—--—————__Paticrn D

~A61,~105015 Flap-&-Slida-Rast.—-Assembly Cc

~A6L~1S5003— Pattern D

Two -~ ST Drawings B

~A6L=109001 Tape,—Leop,—llodi-fied— C

“A6L~102001 Tape—Loop,—Modified C

Eight - ST Drawings B

A6L-105031 Pulley Assembly, Cable Crotch D

ABRT=109001 Tape,—Loop,—lodifiad— C

-AJLB~105026 Cover--Asscmbly,-Thigh_Convolute, Right 1

—A65-1090021 Tape—Loop,—4odified C

~A6L-=-185020 Pattern B

—~AILDB~185026 Ratterp- E

—AMLB-185027 Pattern E

Six - ST Drawings B

~A7LB~105024———__Convolute-Assembly,—Thigh- Cc

~—A1LB-1S5141.9 Pattern. D

~A7TLB-155021 Pattern— D

A7LB-105023 Convolute, Thigh D

One - ST Drawing B

—A1LB=105033 Convolute Assembly, “nee D

A7LB-105036 Terminal, Cable Swaging Cc

A7LB-105006 Convolute, Knee D
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~A7LB-105008 Eladder-Assembly;—3dower—lLeg—-Gons,
Right .

~A7LB~}85007 Pattern

~NAF1.B~1S85003 Fatiern

—A7LB-102208 Strip-Assemblv—Attachmont—~Vent—
Five - ST Drawings

~A6L~105032 Cover—Assemnbly,—Knee-Convolute--

—AGL~105032 Taper—Loop;—Modified—

—A61~155012 Pattern

«ALL=1S5013 Pattern.

<X H,B-105028 Cover—and -Trans fer—tHose-Assembly-BCTA

A7L-105003 Male Disconnect, Urine Transier,

. A7LB-105015
A7LB-125019

Mod. .
Cover, Prcformed UTCA
Transfer Hose Assembly, UCTA

AGL-401042 Clamp, Mod, Preformed, Band Typc
Two - ST Drawings

A7L-104005 Plug

A7L-104005 Mounting Ring

A7L-104005 "O" Ring

Ten - ST Drawings
One - MS Drawing
Two - AN Drawings

A7LB-101269 Sleeve Swage Fitting
—AZLB=101272-—— — __Cable,~Coveringy—Modified

A6L=109001 Tape—Loop—Medified—
A7LB-~109012 Screw, Hex, Socket Head, Cap
A7LB-~101126 Torso Assembly, TLSA
<A7LDB~1011-43— Restraint--Assenbly-,—Forso
~AJLB=1Cl1420 Pattern
~A4L,B=-1C1420 Rattern
—A7LB-1Gl421 Rattirn

AMLB=1CX421. Battern-
~AZLB=1CLl1l73. Pattern .
ALB-1Cl1l74 Pattern

—A7LB-1C330—————Pattern-

-AHB=1C1-307

Pattern

~AZLB=1Cl30 7o _Pattern
AZLB=1C13072 _ _  _ _ Pattern
ALB=lSI 4Ll e _Pattern

A1LB=1C1306 Pattern
—A71B~-1C¢1306—- Pattern

-A7LB-1€3 136~ Patteorn-
AHB1CH P _Pattera—

AFLB—1E14 00— Pat.tern
~AZLB~1Cl400. Pattern
AHB-1C1183 Pattern—

~AHLB-1e11l 83— Pattern—
~-At+hB—-1e130—————————Pattern—

~A15LB=1G1308—

Pattern
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-AFLB-1G1309 Rattern —
—A7LB-YC1309 Pattern-—— —
~A7LB-1C1179 Pattern

A7LB-101252
A7LB-101258
A7LB-101251

Hook, Donning Aid
Donaing—Aid-Asserbly,—Skide—Fastener
Eye, Donning Aid, Slide Fastener
Three -~ ST Drawings
-A7LB-101232———Wcbhing-Assembly.,—Rear,—Neck--Restraint

woOQQUE™

Right
—~A7LB 151321 Pattern
—&7LB~151320 Rattern-
~—A7HR-181322- Pattern

—AJLB-%Oi23l——————u—————Eitt;ng7—3estraén%7—ﬁeck7—kea;
One - ST Drawing

"LAZLB=101232 Webbing - Asscmbly,-Rear,—Neck—Restraint
Left
AILE=181321 Pattern
-AH,B-1-51-320 Batiecxrn
—A7LB-181322————Pattern
AZLB~10123} — —  Ritting,—Restraint;—Neck;—Rear-
One - ST Drawing
A7LB-101195 Fastener, Slide, Vertical
A7LB-101195 Fastener, Slide, llorizontal
—AILB-1C1198 Pattern '
AJLB-1C1ll98 —Rattern
~A7LB=101210 Lanyard-Assc.ablys—Donming
JAILB-101211 Hook.
’ Three - ST Drawings
<A7LB=1S1245 Pattorn

-A7EB-1531-9———————Pattern
~—A7LB-1¢119 8———————Pattern—

~-A7LB~151195 Pattern.
-ATLB~1851193 Rattern
—AILB=1Gl198 — __.Pattern-
-A7,B-1.51190 Pattern
A7 LB=1G13-10 Rattern-
A7L~101017 Double Bar "D" Ring
JA7LB=1C1182 Pattern.
ATLB=~1G1182 Pattexrn.
-A7LB-1C1L81- Pattern
A7LB-~1C1181 Pattern—
~-A7LB-151178 Pattern—
ARG 5P ttern
-AFHEB-1C1Y75 Pat -
Twenty-six - ST Drawings
«~A7LB-101140 Bladder—Assembly—Torsn
AILB-101215— Patch-Assenbly—Stress—Relief—dipper
A7LB~1S81172 Rattern
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_ . Two - ST Drawings
a-AIL,B~171396- Pattcrn
~A7LBE~151414 —Rattern ‘
SA75B8-101267 Pad;—-Protective,~P/5-5lide—Fastener
~A71L,B~-151406- —PRattern
~A75LEB~151406- Pattern.
—A7LB~1.51407 Pattern
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PROGRAM MANAGEMENT ~
CMO
GOVERRMENT/CONTRACTOR MANAGEMENT REPORTS
ASTRONAUT FIELD OPTION ITEM CONTROL
IMPROVED CONFIGURATION MANAGEMENT METHODS

BUSINESS MANAGEMENT .
ANALYSIS OF COST DATA i
BUSINESS MANAGEMENT SYSTEM | '

PROGRAM CONTPOL

. MANUFACTURING DOCUMENTATION AND.CONTROL SYSTEMS
L PROGRAM PHASING PHILOSOPHY

t ENGINEERING |

L INTERFACE CONTROL DOCUMENTATION
CONTRACT END ITEM SPECIFICATIONS

. FIELD OPERATIONAL DOCUMENTATION

ENGINEERING ORGANIZATION

© QUALITY
| TRACEABILITY
g INSPECTION AND IN-PROCESS VERIFICATION
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OGRAM_HMAR

1) MANUFACTURING DOCUMENTAT&ON AND CONTROL SYSTEMS,
2) IMPROVED CONFIGURATION MANAGEMENT/CONTROL METHODS.
3) GOVERNMENT/CONTRACTOR MANAGEMENT REPORTS.
A)PMHMPMﬂmﬁmwﬁﬁh

~5) ASTRONAUT FIELD OPTION ITEM CONTROL.

L e




'[f ENGINEERING DRAWINGS & MANUFACTURING DOCUMENTATION
, |
("
{f‘ PROBLEM - OVER 90% OF THE DRAWINGS CONTAINED REDUNDANT
Y INFORMATION.
1) MANUFACTURING AND INSPECTION INSTRUCTIONS (T0’S)
{ WERE UTILIZED AS THE PRIME INSTRUCTIONS FOR

; . . OPERATIONAL PERSONNEL RATHER THAN THE DRAWINGS.
£ | - A, SUBASSEMBLY DRAWINGS GENERATED WERE COMPLEX
| AND UNWIELDY. OPERATIONAL PERSONNEL HAD
DIFFICULTY USING THEM.

B, DRAWINGS WERE PRODUCED AND PART NUMBERS
ASSIGNED FROM AN ENGINEERING VIEWPOINT,
MANUFACTURING REQUIREMENTS WERE NOT GIVEN

PRIORITY,

2) TO'S CONTAINED ALL THE INFORMATION ON THE
DRARWINGS AS WELL AS SUPPLEMENTARY INSTRUCTIONS
REQUIRED TO FABRICATE A SPACE SUIT ASSEMBLY.

3) BOTH TO'S AND DRAWINGS WERE MAINTAINED -- DUAL
CONTROL PROCEDURES.

.
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DATA COLLECTION AND DISSEMINATION

VARIOUS DOCUMENTATION WAS GENERATED Tu MEET CONFIGURATION

" AND MATERIAL TRACEABILITY REQUIREMENTS.

1) THE INITIAL EMPHASIS WAS PLACED ON CONTROLLING

CONFIGURATION AND TRACEABILITY FOR SPACE SUITS BEING
FABRICATED, | -

2) AS THE PROGRAM BECAME OPERATIONAL, ADDITIONAL
REQUIREMENTS WERE ENCOUNTERED.

3) NEW DOCUMENTS WERE CREATED BY INDIVIDUAL DEPARTHMENTS
WITHOUT CONSIDERING UTILIZING OR MODIFYING EXISTING
REPORTS. '
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RECOMMENDED GUIDELINES:

1

2)

3)

DELEGATE AUTHORITY FOR DATA COLLECTION AND
DISSEMINATION TO ONE SPECIFIC GROUP,

DETERMINE AS EARLY AS PRACTICAL WHAT INFORMATION

WILL BE REQUIRED WHEN THE PROGRAM BECOMES
OPERATIONAL., |

FUNNEL ALL ADDITIONAL REQUIREMENTS THROUGH THE

DELEGATED GROUP FOR QPTINIZATION OF DATA
DISSEMINATION,

“
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) PROGRAH PHASING PHILOSOPHY ;
| ANY DELAY OR REDESIGN DURING DESIGN VERIFICATION OR :
L QUALIFICATION TESTING HAS A DOMINO EFFECT ON THE SUBSEQUENT f
F -~ PROGRAM MILESTONES. '
} 1) DVT WAS CONCURRENT WITH THE FABRICATION OF THE 3
N QUALIFICATION UNIT AND QUALIFICATION WAS
¥ PARALLEL TO THE FABRICATION OF PRODUCTION SPACE SUITS.
1 . '
- 2) "FINE TUNING" CHANGES WERE INCORPORATED IN DVT AND
i QUALIFICATION UNITS WITHOUT COST TRADE-OFF STUDIES.
[
g 3) THE DVT AND QUALIFICATION PROCEDURES WERE BASED ON
] MISSION REQUIREMENTS OF AN ENTIRE SPACE SUIT
ASSEMBLY.
r'?;
g A. PROGRAM SCHEDULES WERE BASED ON THE ENGINEERING
5 DEFINITION OF THE LONGEST DURATION.
I
(ﬁlf
[ \.
| 216




ETy

44) THE DESIGN ENGINEERS COULD HOT ADEQUATELY
TRAIN THE PROJECT, MANUFACTURING AND QUALITY
ENGINEERS PRIOR TO FABRICATION OF THE DESIGN
VERIFICATION SPACE SUIT.

L2 e e
i |

O

kg s e s BT E e

5) THE SUIT CONTRACTOR AND THE GOVERNMENT ARE
INVOLVED IN WHAT CHANGE IS OR ISN'T FEE
BEARING DURING QUALIFICATION TESTING.
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RECOMMENDED_GUIDELINES:

1

- 2)

3)

)

5)

ESTABLISH REQUIRED CYCLE LIFE OF EACH MAJOR
SUBASSEMBLY ARMS. LEGS. GLOVES. ETC. AND

PERFORM CYCLE QUALIFICATION AND DESIGN VERIFIFPTION

s

OF THESE SUBASSEMBLIES IN SERIES, { .. e=-< A

ALLOW ENOUGH DEVELOPMENT TIME TO PERMIT THE
DESIGN ENGINEERS TO ALLOCATE TIME TO PROJECT.
MARUFACTURING AND QUALITY ENGINEERING.

COST TRADE-OFF STUDIES SHOULD BE ACCOMPLISHED -
BEFORE IHCORPORATION OF “FINE.TURING” CHANGES
IN DVT OR QUALIFICATiON UNITS ONCE FABRICATION

-HAS STARTED.

PERFORMING DVT AND QUALIFICATION TESTING ON A
SUBASSEMBLY BASIS ALLOWS ADDITIONAL FLEXIBILITY
WHILE PERFORMING TESTING. THUS REDUCING DELAYS
CAUSED BY QUALIFICATION FAILURES-OR
UNANTICIPATED DELAYS IN RELEASING ACCEPTABLE
ENGINEERING DEFINITION.

FIRST ARTICLE CONFIGURATION INSPECTION COULD

BE PERFORMED UPON COMPLETION OF QUALIFICATION
TESTING OF EACH SUBASSEMBLY.
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IMPROVED CONF IGURATICN MANAGEMENT

. CONTROLS & METHODS

PROBLEM #1 - COMPLEX DRAWINGS & CONTROL

1)
" 2)

©3)

4
5)

6)

SYSTEMS EXISTED DUE TO MULT'PLE
CONF IGURATION CHANGES =~

115 DIFFERENT CONFIGURATIONS WERE

CREATED CHM THE AT7L PGA DRAWINGS

THE MULTITUDE OF DIFFERENT CONFIGURATIONS
MADE THE DRAWINGS DIFFICULT TO INTERPRET

IDENTIFICATION OF CGerGURATION DIFFERENCES
REQUIRED TIME-COMNSUMING PAPER SEARCHES

~ WHEN CHANGES OCCURRED AT COMPCONEMT OR
LOWER CONFIGURATION LEVELS

QUALIFICATIO“ STATUS IDENTIFICATION WAS
NOT READILY APPARENT : :

APPROXIMATELY 50 CMO~RELATED LOCUMENTS
WERE ACTIVE DURING THE SKYLAB/ASTP
PROGRAM

MANUFACTURING & QUALITY ORIGINATED
ADDITICNAL DOCUMENTATICON FCR TRACE
AND ACCGUNTABILITY REQUIREMENTS
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- RECOMMENDED GYIDELINES

1)

2)

Y

<

IMPLEMENT AN AUTHORIZED CCNFJGURATICN
AND TRACEABILITY SYSTEM WHICH WOULD
CONSOL I1DATE INTER-RCLATED MANUFACTURING
QUALITY AND CiMO DATA.

CA) A PRCPOSED -SYSTEM, WHICH IS INCLUDED

IN THE FINAL REPORT, SHCULD BE
" CONSIDERED FOR FUTURE SPACE SUIT
. PROGRAMS

UTILIiING 2-BASIC FCRMS THE SYSTEM WOULD
" PROVIDE ALL NECESSARY CONTRUL DATA WHICH

INCLUDES:

. AD VS. AB CCNF|GURATION

CLASSIFICATION
SIZE

- QUALIFICATION S1ATUS

INTERCHANGEABILITY

.BILLS OF MATERIALS

DRAVINGS
MOD KIT STATUS
TRACEABILITY

- DELIVERY SCHEDULE

L
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INPROVED CONFIGURATION MANAGEMENT CONTROLS/METHODS

PROBLEM #2: INCORPORATION OF ACCEPTABLE ALTERWATE
PARTS REQUIRED FORMAL CONFIGURATION CHANGES.

1) PER THE CEI SPEC. EACH COMPONENT COULD ONLY
BE REPLACED WITH OTHER COMPONENTS HAVING THE
SAME PART NUMBER.

2) EXISTING SPARE PARTS WERE MODIFIED OR NEW
PROCUREMENT WAS AUTHORIZED BECAUSE AN
INTERCHANGEABILITY VEHICLE DID NOT EXIST,

b aaa
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A SYSTEM SHOULD BE DEVELOPED TO IDENTIFY AND CONfROL
USE OF ACCEPTABLE ALTERNATE PARTS.
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GOVERNMENT/CONTRACTOR MANAGEMENT REPORTS

.
A

3

PROBLEM:

A

SIMILAR REPORTS WERE PREPARED BY DIFFERENT CONTRACTOR
GROUPS.

1) MOST REPORTS WERE UNCONTROLLED, REQUIRING NO
.FORMAL REVIEW AND/OR CONCURREHCE PRIOR TO
RELEASE,

™

2) NO CENTRAL DATA SOURCE EXISTED AND RESULTED
IN CUSTOMER AND CONTRACTOR ‘COUNTERPARTS
FAVORING EACH OTHER’S DATA (CMO., ENGINEERING.
QA & R, ETC.),

3) EACH INTERDEPARTMENTAL GROUP OF THE
SUIT CONTRACTOR CREATED AND MAINTAINED
THEIR OWN FILES TO PERFORM THEIR DAILY
TASKS.

A. AT LEAST 11 REDUNDANT FILES EXISTED
AT THE CONTRACTGR'S FACILITY., IN
SOME CASES 50 DIFFERENT CHMO-RELATED.
DOCUMENTS WERE INCLUDED IN FILES.

B. RECRGANIZATION & RELOCATION OF INIER-
DEPARTMENTAL GROUPS CAUSED MUCH
DUPLICATION. .....

K 4) RANDOM DISTRISUTION TECHNIQUES. THE
~ ORIGIMATCR OF THE DATA IN MANY CASES
~ ESTABL:SHED KIS OWN DISTRIBUTICH REQUIRE-
g MENTS. |
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RECOMENDED GUIDELINES: - . l'

C. UTILIZE ONE CENTRAL DATA SOURCE TO INPUT
ALL NEW DATA,

S,

UTILIZE A DATA CENTRALIZATION SYSTEM TO:
~ A MONITOR AND CONTROL ALL DATA DISTRIBUTIONS.
B, MONITOR THE DATA REPRODUCTION POLICIES.
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STRONAUT F OPTION RO
PROBLEM:
FIELD OPTIONAL MODIFICATIONS RESULTED IN CONFIGURATION

CHANGES. MULTIPLE DRAWING REVISIONS. ADDITIONAL
TRACKING SYSTEMS AND MASSIVE HISTORICAL FILES.

1) APPROXIMATELY 30 FIELD OPTIONAL ITEMS
(FGI'S) WERE AVAILABLE IN ANY COMBINATION
TO THE" CREWMAN.

2) CREWMAN GENERALLY SELECTED FOI'S DURING THE
SUIT FIT CHECK. o
A. TIME WOULD NOT ALLOW INCORPORATION FOR
VERIFICATION.
B. ON INITIAL FIELD USE OCCASIONALLY NEW FIT
PROBLEMS OCCURRED.

3) 'STANDARD FOI’S WERE SHIPPED AS PART OF THE

SUIT CONFIGURATION WHEN NOT DESIRED BY THE
CREWMAN (VALSALVA DEVICE. COMFORT PADS, ETC.).

22




4) FOI'S IN MANY CASES WERE NEVER UTILIZED IN
THE -FIELD,

5) SEPARATE FIELD OPTIONAL ITEMCLISTS (FOIL'S)
WERE PREPARED FOR EACH CEI AND SEPARABLE
COMPONENT.
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1) INSTALL ALL FIELD OPTIONAL ITEMS IN THE FIELD,

2) IDENTIFY AND CONTROL FOI'S AT A TYPE II LEVEL,
PREPARE THE LISTING OF FOI'S AS A TYPE 11

DOCUMENT . .
A. DO NOT MAKE FOI'S PART OF THE CONTROLLED

DRAWING SYSTEM.

3) PROVIDE FOI'S ONLY WHEN SPECIFICALLY REQUESTED
BY THE CREWMAN.
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NUMEROUS CHANGES TO CEI SPECIFICATIONS

CEI WEIGHT CHANGES :
SEPARABLE COMPONENTS REQUIRED CLOSE TRACKING
EXCESSIVE CHANGE ACTIVITY OCCURRED DURING
PROGRAM '

CREW OPTION ITEMS
ADDED THROUGHOUT PROGRAM
EFFECTED WEIGHT AND CREW OPTION ITEM LIST

ICD TABULATION
CHANGES OCCURRED AT HIGH RATE THROUGHOUT
PROGRAM

GUIDELINES:
ALLOW SUFFICIENT SAFETY FACTOR ON: SPEC WEIGHT

DELETE REQUIREMENT TO REFLECT ICD LIST IN CEI SPECS
CUSTOMER SIGNATURE ON ICD SHOULD SUFFICE

DELETE CREW OPTION LIST FROM CEI SPEC AND COMNTROL
BY OTHER LOWER LEVEL DOCUMENT.
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EXPENSIVE TO PREPARE Aﬂb MAINTAIN
CONTAINED HIGH LEVEL OF TECHWICAL DETAIL
ILLUSTRATIONS EXPENSIVE

S AN AL B e L ARSI, S ELD S o e WA Grb ~HQW

ALL CLASS I AND IT CONFIGURATIONS MAINTAINED
3 MODELS AT ONCE
OTHER OPERATIONAL DIRECTIONS (FOB'S, SSN. SRP)

"REFERENCES RESTRICTED

o an s BTN

SEPARATE AHD DIFFERENT INSTRUCTIONS AT DEPOT AND
FIELD
T0'S FOR NEW FAB,
MM FOR TEARDOWN AND REBUILD _
MM RESTRICTED TO NON-STRUCTURAL REPAIRS

CHANGE ACTIVITY EXCESSIVE
1970 - 1971, - 80 CHANGES EFFECTING 2378
PAGES. 173 ILLUST.

LEVEL-OF-EFFORT METHOD OF MAINTENANCE
CHANGES DIRECTED W/0 REGARD TO COST
INITIAL STANDARD MAINTAINED
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INSPECTION & IN-PROCESS VERIFICATION
PROBLEM: -

AMOUNT OF IN-PROCESS DISCREPANCY PAPER, PRODUCTION
“DOWN TIME” AND MANPOWER REQUITED TO CLEAR PAPER WORK,

] - 1) THE TOLERANCES ON VARIOUS DIMENSIONS WERE
: “TIGHT” TO INSURE QUALITY WCRKMANSHIP.
[
e 2) 1007 INSPECTION WAS PERFORMED ON ALL ITEMS IN
| ~ _PRODUCTION,

3) MANUFACTURING ENGINEERING WAS NOT DELEGATED ANY
RESPONSIBILITY FOR DISPOSITIONING A REJECT,
A. EACH REJECT TAG REQUIRED AN AVERAGE OF ONE HOUR
TO PROCESS.
B. MAJOR AND MINOR DEFECTS WERE NOT CLASSIFIED AND
INDICATED ON THE INSPECTION INSTRUCTIONS
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1 GUIDELIHES: -

D

2.

3)

i)

5)

INSURE ALL TOLERANCES ARE PRACTICAL PRIOR TO
RELEASE OF DVT PRODUCTION DOCUMENTATION. THE
RESULTS SHGULD BE REVIEWED AFTER DVT, AND

. TOLERAHCES REVISED AS NECESSARY FOR THE
- ~QUALIFICATION UNITS,

'CLASSIFICATION OF DEFECTS

A MINIMUM OF IN-PROCESS INSPECTION SHOULD BE
PERFORMED BY QUALITY. THE EMPHASIS SHOULD BE
PLACED ON SUBASSEMBLY INSPECTION AND TESTING.

MANUFACTURING SHOULD BE DELEGATED GREATER
RESPONSIBILITY FOR IN-PROCESS INSPECTION.

MANUFACTURING ENGINEERING SHOULD BE
RESPOHSIBLE FOR DISPOSITIONING MINOR
REJECTS. THIS WOULD ELIMINATE APPROXIMATELY
70% OF THE REJECT TAGS.
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PROBLEM:

HIGH LEVEL OF MANPOVWER REQUIRED TO MAINTAIN
TRACEABILITY SYSTEH,
STANDARD TRACE SYSTEM DEVELOPED INTO TOTAL
HISTORICAL/VERIFICATION CAPABILITY.,

CONTAINED ALL FIELD AtD DEPOT TRACE DATA,

MARUAL SYSTEM CAUSED HEAVY MANLOADING.

CRITICAL PARTS ArD MATERIALS NOT IDEWTIFIED.
ALL MATERIALS TREATED EQUALLY
REVIEW INDICATES 257 HEED NOT BE TRACED

VARIATIGN IN TYPES OF TRACE SYSTEMS UTILIZED
(SHOP ORDERS. PIRS. FIRS)
COMPLICATED DATA RECORDING AND RETRIEVAL
INCREASED CHANCE OF ERRORS

VARIED AND REDUNDANT REQUESTS FOR DATA
RETRIEVAL TIME CONSUMING
TRACEABILITY MATRIX NOT FEASIBLE
CAUSED HIGH LEVEL OF OVERTIME
SOME REQUESTS OF NOH-CRITICAL RATURE
NO REQUEST SYSTEM OR REQUEST "CHAIN-OF-
COM1AND” EXISTED
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UIDELIHES:

METHOD I:

METHOD I1:

STREAMLINE AHD MAINTAIN A MAHUAL SYSTEM
RECORD ALL TRACE DATA BY ONE SYSTEM
IDENTIFY NON-CRITICAL MATERIAL AHD DO NOT
TRACE BEYOND RECEIVING IWSPECTION,
DO HOT TRACE CLASS I1 CHANGES
TRANSFER FILING AND MAINTEHANCE TG A CENTRAL
PROGRAI DATA CENTER.
QUALITY TO MONITOR AND VERIFY OHLY.
REDUCES QUALITY CLERK REQUIREMENTS.
ESTABLISH “DATA REQUEST” CONTROLS AND PROCEDURES.

COMPUTERIZE DATA SYSTEM

REDUCTION IN MANPOWER

LESS FILING REQUIREMENTS

FASTER AND MORE CONTROLLED RETRIEVAL

MORE RELIABLE DATA

CLASS II CAN BE TRACKED AT LITTLE INCREASE
IN COST,
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MAJOR GUIDELINES RESULTING FROM STUDY:

1
2

3)
k)

5)
6)

7)
8)

9)

PLACE EMPHASIS ON QUALIFICATION OF SUBASSEHBLIES
RATHER THAN THE EMTIRE SPACESUIT ASSEFBLY.

FACI FIRST PRODUCTION ITEM RATHER THAN QUALIFICATION
QUALIFY TO CEI WORST CASE MISSION REQUIREMENTS FIRST TIHE
REDUCE DRAWING REQUIREMENTS BY USING MAHUFACTURING
INSTRUCTIONS FOR CONFIGURATION CONTROL,

REDUCE 100% IN-PROCESS INSPECTION -- REPLACE WITH
COMPONENT AHD SUBASSEMBLY ACCEPTANCE TESTING,
ALLOCATE SUFFICIENT TIME EARLY IN PROGRAM TO

DEVELOP EFFICIENT SYSTENMS AHD PROCEDURES.

PERFORi ASTRONAUT FIT CHECK AT USER'S SITE.
STREAMLINE DATA REPORTING REQUIREMENTS AND CENTRALIZE
DATA COLLECTION SYSTEM,

CONSOLIDATE PROGRAM MANAGEMENT CONTROL FUNCTIONS.
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POTENTIAL MANHONTH SAVINGS
SUMMARY

TOTAL POTENTIAL SAVINGS
1565 MANMONTHS
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